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PHOTOCHEMISTRY 
IN PLANETARY 
ATMOSPHERES 

j. S. Levine 

NA $A-Langley Research Center, Hampton, Vir- 
ginia 

T. E. Graedel 

Bell Laboratories, Murray Hill, New Jersey 

Theoretical studies of the photochemistry of plane- 
tary atmospheres (Including those of the ancient and 
modern earth) are based on physical and chemical 
premises common to all. Widely varying paths of evo- 
lutionary history, atmospheric processes, solar fluxes, 
and temperature have produced vastly different atmo- 
spherss, however. Some of these similarities and 
differences are described In this paper, which Is 
based In part on Invited presentations at the Fall 
I960 AGU Meeting. 

Introduction 

Ozone is a constituent of earth's atmosphere; It is 
also found In the atmosphere of Mars. Sulfur dioxide 
is a constituent of the atmosphere of Venus; it is also 
round in the atmosphere of lo. Methane may have 
been a constituent of the earth's ancient atmosphere; 

It Is found today in the atmospheres of Titan, Jupiter, 
and Saturn. Can chemists explain these similarities 
between systems so different in their physical proper- 
ties? 

Over the last decade and a half, considerable pro- 
gress haa been made in the study of the chemistry of 
Ihe atmospheres of the planets and their larger satel- 
lites (some of the characteristics of which are listed 
Ik Table 1), Much of the early research (in the middle 
and late sixties) was stimulated by NASA's program of 
exploration of Mars and Venus by the Mariner 
spacecraft. These early studies were largely con- 
cerned with the photochemistry of the carbon dioxide 
(CO*) atmospheres of Mars and Venus and of the sta- 
bility of these predominantly C0 2 atmospheres 
against photolysis by solar ultraviolet radiation. 

In the 1970's, there was a sharp increase in public 
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? ver issues related to the chemistry of the 
earth s atmosphere, particularly the Impact of anthro- 
pogenic activities on the composition of the global 
atmosphere and on climate. Although for several 
decades the chemistry of urban air pollution had been 
a clearly recognized local problem, only recently have 
the effects of anthropogenic activities on Ihe global 
atmosphere been recognized as potentially 
significant. National and International concern has 
centered on the possible inadvertent depletion of 
stratospheric ozone (Og), which protects the surface 
of earth from potentially harmful solar' ultraviolet 
<200-30° nm) radiation. Atmospheric chemists have 
studied the possible depletion of stratospheric O a by 
«Li^ r * 0 * y °* flnt ^ ro P 0 9 e nlc activities: nitrogen oxides 
(NO* ■= NO + N0 2 ) produced by high altitude super- 
sonic transports, chlorofluorocarbons released from a 
variety of sources, and enhanced levels of nitrous 
oxide (N a O) resulting from increased global use of 
nitrogen fertilizers. 

Atmospheric chemists have also studied the 
effects of anthropogenic activities on the quality of 
the air that we breathe, on vegetation, and on the 
chemistry of natural bodies of water. These studies 
have included formation and deposition of acid pre- 
cipitation and the possible effect of enhanced levels 
of C0 2 resulting from Increased burning of foe&il fuels 
(particularly coal) on the earth’s climate. 

Several anthropogenic activities have been 
Identified as significant sources of various gases to 
the regional and global troposphere, including C0 2 
and sulfur dioxide (SO^ from fossil fuel burning, NO x 
and carbon monoxide (CO) from internal combustion 
engines, and ammonia (NH a ) resulting from coal 
conversion and combustion and from the volatilization 
of nilrogen-containing agricultural fertilizer. Several 
of these anthropogenic gases Initiate chemical reac- 
tions thBt lead to the production of other gases and 
atmospheric aerosols. Near the ground, CO is 
involved in a complex series of chemical reactions 
that leads to the formation of O a , which is both a pol- 
lutant and an Irritant. Anthropogenic NO. and S0 2 
lead to the chemical production of nitric acid (HNO3) 
and sulfuric acid (H z S0 4 ), respectively, the two dom- 
inant acids in rain and snow. Anthropogenic NH3. 
NO,, and S0 2 lead to the chemical production of 
atmospheric aerosols (l.e., ammonium nitrates and 
ammonium sulfates). These aerosols affect visibility 
and may alter the earth's radiation balance by per- 
turbing the natural ultraviolet, visible, and Infrared 
energy fluxes. During the coming decades, energy 
generation and Industrial and agricultural activities 
may increase at a very rapid rate, and atmospheric 
chemists are attempting to predict the effects oi such 


growth on the chemistry of the future atmosphere. 

Coincident with these efforts to predict tha future, 
others are looking back in time to study the origin and 
evolution of the earth's atmosphere. Atmospheric 
chemists are studying the chemical composition of 
the early atmosphere and how that composition varied 
over geological time. They are attempting to deduce 
the atmospheric conditions on the early earth that 
were Involved in the chemical evolution of the com- 
plex molecules (the building blocks of life) and subse- 
quently to biological evolution on our planet. 

During the last decade, planetary exploration flour- 
ished, with sophisticated Interplanetary spacecraft 
probing the atmospheres of Venus, Mars, Jupiter, 
Saturn, and the satellites of Jupiter and Saturn. The 
Mariner, Viking, Pioneer, and Voyager spacecraft 
transmitted new and exciting Information about these 
planets and provided atmospheric chemists with an 
unparalleled opportunity to study the chemistry of 
their atmospheres. Thus, It is not surprising that the 
last decade has been one of tremendous progress In 
our understanding of Ihe chemistry of the earth’s 
atmosphere — past, present and future — and of the 
atmospheres of the other planets. Against this back- 
ground the American Geophyaloal Union organized a 
day long symposium on 'The Photochemistry of 
Planetary Atmospheres' during the Fall 1980 meeting 
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Fig. 1. Theoretical calculations of ozone profiles as a 
(unction of molecular oxygen level (In terms of present 
atmospheric level) in the earth's ancient atmosphere. (J. S. 
Levine, T. R. August aeon, R, E. Bough ner, M. Natarajan, and L. 
J. Seeks, In Comets and the Origin of Ufa, edited by C. Pon- 
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in San Francisco. In a series of invited papers, 14 
atmospheric chemists reviewed the recent progress in 
their areas and Identified the problems for luturo 
research. This report Is a summary of our currant 
knowledge of planetary photochemistry, baaed in part 
on the presentations of the symposium. 

The Earth’s Ancient Atmosphere 

Janies C. G. Walker (University of Michigan) 
began tho session with a paper entitled 'Chemical 
Evolution of the Atmosphero.' From the slandpolnl of 
the atmospheric chemist, the early earth is like 
another planet, with distinct bulk atmospheric compo- 
sition, solar luminosity, rotation rate, and tectonic pro- 
perties. Data on the properties of tha palooatmo- 
sphere have been preserved, albeit imperfectly, in the 
sedimentary rock record. 

The rock record begins 3.8 billion years (b.y.) ago 
with highly metamorphosed sediments at l&ua in west 
Greenland. These rocks indicate an early atmosphere 
containing H s O and C0 2 and without abundant 
methane (CH 4 ). A diverse biota existed by 3.5 b.y. 
ago. as demonstrated by remains discovered in Ihe 
Warrowoona Rock Group of western Australia. The 
continued presence of life sets constraints upon the 
temperature and composition of the paleoalmosphere. 

The bulk composition of the atmosphere — paloo 
and present — depends on complex Interactions 
between atmosphere, ocean, crust, and biota. 
Interpretation of the rock record is providing an 
increasingly clear picture ol how these interactions 
may have bean different on the early earth. Of impor- 
tance la a gradual increase with time of tha area of 
dry land. At about 2.5 b.y. ago, there was a relatively 
rapid increase in the area of continental crust. 

Oceanic composition was dominated by interaction 
with the mantle of the early earth. It was a reducing 
medium, probably saturated with ferrous iron. The 
continental influence on oceanic composition did not 
become apparent until the end of the Archean, 2.5 b.y. 
ago. Theoretical studies of the rates of tidal energy 
dissipation indicate that the day was about 15 hours 
long for Ihe first few billion years of earth hislory. 

The geologic record of climatically sensitive sedi- 
mentary rocks suggests a climate not very different 
from that of the last few hundred million years of 
earth hislory. This information, coupled with Increas- 
ing solar luminosity, can be Interpreted to provide 
estimates of the partial pressure of C0 2 in the ancient 
atmosphere (these estimates are a few hundred times 
the present C0 2 value). The rock record concerning 
the reduction /oxidation state of the atmosphere and 
hydrosphere (a particularly rich. Oxidized minerals 
first began to form about 2.3 b.y. ago. By about 1.7 
b.y. ago both the atmosphere and hydrosphere con- 
tained enough oxygen (O s ) lo support aerobio life. 

Joel S. Levine (NASA Langley Research Center) 
reviewed the 'Photochemistry of the Paleoatmo- 
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sphere.' Aa was previously noted, the chemical com- 
position and evolution of the paleoatmoaphere were 
controlled by a strong coupling between the atmo- 
sphere, the oceans, the solid earth, and. eventually, 
the biosphere. The composition was also modified by 
various atmospheric processes. Including photochem- 
ical reactions (initiated by the action of solar ultra- 
violet radiation, which was considerably more intense 
in the O a -deficlent paleoatmoaphere), chemical reac- 
tions, lightning, rainout, and the exospheric escape of 
light atmospheric gases. Photochemical studies of 
the paleoatmoaphere can be divided into three main 
areas of research: (1) the photochemistry and stabil- 
ity oi the early anaerobic atmosphere. (2) the chemi- 
cal transition to an oxidizing atmosphere, and (3) the 
origin and evolution of atmospheric 0 3 , with the 
accompanying ahlalding of the earth’s surface from 
lethal solar ultraviolet radiation. 

Since the early laboratory experiments on chemi- 
cal evolution, in which complex organic molecules 
(the precursors of living systems) were synthesized in 
mixtures of NH 3 and CH 4 exposed to ultraviolet radia- 
tion or laboratory electric discharges, it became 
fashionable to believe that the preblological primitive 
atmosphere contained large amounts of NH 3 and CH 4 
However, photochemical calculations Indicate that 
such an early prebiological atmosphere would have 
been highly unstable again b! photolysis by solar ultra- 
violet radiation and, hence, would have been very 
short lived, on a geological time scale, if It ever 
existed at all. in addition, there is no geologies! or 
geochemical evidence In the rock record to support 
such a highly reducing early atmosphere. A more 
mildly reducing atmosphere of N a , CO ? , CO, and H 2 
(resulting from volcanic outgassing) Is now favored by 
photochemical, geological, and geochemical con- 
siderations. Complex organic molecules have been 
synthesized in auch laboratory mixtures. Recent pho- 
tochemical calculations also indicate that large 
amounts of nitrates (formed by lightning) and formal- 
dehyde (formed by atmospheric reactions) could have 
been transported to the early ocean by precipitation 
in the 0 2 -deficient paleoatmoaphere. 

The transition from a reducing paleoatmoaphere to 
an oxidizing atmosphere resulted from the build up of 
atmospheric O a . Photochemical calculations indicate 
that the photolysis of H 2 0, with the accompanying 
exospheric escape of H, was probably not a 
significant source of 0 2 over geological time. The 
Inefficient exospheric escape of H (comparable to 
today's value) and the volcanic outgassing of H 2 lead 
to efficient reformation of H 2 0, at the expense of O a 
build up. In the prebiological paleoatmoaphere, O a 
was not evenly mixed with altitude, but had a concen- 
tration of about 10 12 present atmospheric level 
(P.A.L.) or less at the surface, and a maximum con- 
centration ol about 10~* PAL. at about 40 km. It 
appears that pholosynthellc activity was the major 
source ol atmospheric O a . although there is consider- 
able uncertainty as to the exact chronology for the 
build up of atmospheric O a over geological time. 

Recently, a great deal of research has centered on 
the origin and evolution of 0 3 , which was strongly 
coupled to the buifd up of O z (see Figure 1). The evo- 
lution of 0 3 and the variation of solar ultraviolet radia- 
tion reaching the surface of the earth over geological 
lima (which is controlled by 0 3 ) may have had very 
important implications for the origin and evolution of 
life on our planet. Studies on the evolution of O, have 
been based on detailed one-dimensional 
tropospheric/stratospheric photochemical models that 
Include the chemistry of the oxygen, nitrogen, hydro- 
gen. carbon, and chlorine gases. These studies have 
shed new light on the photochemistry of the paleoat- 
mosphere (for O a levels of 10“ 4 P.A.L. to the present) 

[ n in® 0 2 -deflcient paleoatmosphere, the enhanced 
level of solar ultraviolet radiation rendered photolytic 
destruction the primary loss mechanism lor N a O N 2 
and O being the products. (In the present atmo-' 
sphere. N z O is largely oxidized to NO,, thus becoming 
involved in the stratospheric ozone cycle.) The 
enhanced levels of solar uitraviolet radiation in the 
O a - deficient paleoatmosphere also resulted in the 
efficient production of OH vis the photolysis of H a O 
resulting in surface and atmospheric levels of OH 
several orders of magnitude greater than in the 
present atmosphere. The sensitivity of paleoatmos- 
pherlc 0 3 to varying values for solar luminosity 
atmospheric temperature, vertical eddy transport, and 
trace atmospheric oases have been assessed in 
these studies. 

The Earth*s Present Atmosphere 

T ; e - Graedel (Bell Laboratories) discussed the 
Photochemistry ot the Regional Troposphere 1 The 
chemistry ol the regional troposphere (a regime 

d f m ed .nnn n ^ 0 w pa , a8tno d,8tanc ® 8C » ,0B of the order 
of 10™ 1 000 km) is intertwined with, but not dom- 
inated by, meteorological mollons and local emission 
sources. The time scales ol the air motions prescribe 
the chemlcaf lifetimes of interest, hour to 5 days 
and thus define the species whose chemislry must be 
studied. Theae include ammonia, the oxides or nitro- 
gen, the sulfur-containing compounds hydrogen 
sulfide <H 2 S) and sulfur dioxide <S0 2 ), and many alk- 
enes, terpenea, aromatics, and aldehydes. 

The following are among the regional tropospheric 
problems of current Interest: 

1. Downwind Effect. The concentrations ol a 
variety of photochemical products are known to be 
higher downwind than in the vicinity of the precursor 




Trend Toward Multiple Authors 
in Research Publications: 

Failure of the Universities 
to Support Research 

In a previous letter to this column [Fraser-Smith. 1979] 
one of us drew attention to the marked decline since 1950 
In the percentage of single-author papers In the Journal of 
Geophysical Research, 1, Space Physics (JGR 1) and the 
commensurate Increase In the percentage of articles by 
three or more authors. The decline In single authors Is cer- 
tainly not confined to JGR 1, as is shown by more recent 
work (according to the Institute for Scientific Information, 
which indexes 2800 journals, the average number of au- 
thors psr paper rose from 1.67 to 2.58 between 1960 and 

1980) IBroad, 1981], so it seems clear that there is a wide- 
spread change taking place In the way scientists report the 
results of their research. It is perhaps important for us to 
point out that this is not an academic change; It Is taking 
place right now, and most readers of this column are likely 

. to be affected by ll. 

There Is undoubtedly an element of fashion Involved In 
the decline of single authors, and it may well be that what 
we are all experiencing Individually as scientists Is a subtle 
process of rhlnocerization, as described In the play by Io- 
nesco [I960]. However, it would be unusual for a fashion to 
persist for 30 years or more unless other more substantive 
factors were Involved. The question Is, what are these fac- 
tors? 

It would be easy to blame the federal government for the 
change that Is occurring in our reporting habits [see Price, 

1981] since funding of research by federal agencies first ' 
became significant in the 1 950's and, as we all know, it has 
grown remarkably since. However, an extension of the ear- 
ner work on authors, as suggested to us by C. T. Russell, 
Indicates that the changes In the numbers of authors per 
article are not linked directly to the growth in federal fund- 
ing. In fad, we will argue that a more important reason for 

ver '■$£!* " S ' n9le aUth ° rS ' S 8 lack ° f SUpporl by our unl ' 
Following the suggestion by Russell, we reanalyzed our 
multipiB-aiilhor data for JGR 1 according to the acknowl- 
edged sources of support for (he work. Needless to say 
our new data are less quantitative than before, but the ' 
fs Jlluslraled In the figure, are probably accurate. 
Shown in the figure are the variations since 1950 in the 
percentages of papers acknowledging NASA. NSF. or ONR 

aoHnclIi^ U mtS^i * 19 lhr8B m ° St frequen,Iy acknowledged 
agendes In JGR 1), or no support. Note that It is the per- 

twn *thnfo° P3p0rS u ach cal8 9 0r y ^at are plotted (one, 

m.mho . !H° rS au,hors)l and thus lha trends in the 
numbsr of authors per article previously discussed should 

not be evident. Clearly, the percentage oi papers with no 
n^n m 90menl 01 support has decreased substantially In 
riflrLJf 0 ' Ca r 9 °- ry since 1950 ' wl,h the most marked 

fhors^ ^ IfdhTtT n9 ' n ,h ® Pap0rs by eilh0r one or ,wo ac- 

hireling agencies, has also declined. However NASA end 
”?„ F m, P H P . 0rt h ? S '" crea8ed subetantially and has more d 

[19811 on lhe dechne In U s n by Wi " ent> ™* 

We will not dwell on the advantaoes of 1 1 q 
research contracts and arants in k£ L? f U f; 9° ver nment 

~ed^ 

provided by the acknowledgement ClU9 ls 
we have enalyzed. On a very few 11,8 papers 

research lands administered by a unlve 'slly ia^gj^ 

is show " 

consequence ol the Interplay between 8 

reqotlon times of the emit tents ik! i ° hemioa l 
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Fig. 1. Variation since 1950 in the acknowledgements of 
NASA, NSF, and ONR financial support in papers with one (botto 
panel), two (middle), and three or more (3+; top panBi) authors 
published in the Journal of Geophysical Research. Also shown is 
lhe variation In the proportion of papers with no acknowledgers 
of financial support. The percentages that are ploiied apply toeai 
author category. 


edged [e.g., Schwlnd el a!.. 1 960; Rankin and Kurtz, iff 
We might ask why these acknowledgements are so few 
appears that the ready availability of federal funds for re 
search in the past has blinded university research admir 
I™?" 5 t0 the advantages of a general research fund, e 
tabllshed and increased by gifts and bequests, whose in 
come is used solely to fund internal (or even external) 
research proposals. Some of lhe strings normally attach 
to federal funds, long bemoaned by these administration 
can be avoided, and a wider range of research can bet 
dertaken, In keeping with the particular objectives of the 
universities. Most important, the disturbing possibility th£ 
the federal funds for particular programs of research car 
eliminated by the efforts of small groups of congressmer 
or even a single U.S. senator, as appears to be happenl 
now In the case of the NASA-funded Search for Extrater 
restrial Intelligence (SETI) program, can be more easily 
avoided. 

It might be argued that U.S. universities cannot afford 
support research out of Iheir own funds. We disagree. 
Large sums are raised each year from alumni, companfc 
and other sources, particularly at what are termed the 'ff 
jor research universities' (l.e„ universities that have beer 
particularly successful at soliciting federal research fundi 
and even a small diversion of these funds each year inte 
university research fund (specifically earmarked for re- 
search) could soon produce significant income. 

References 

Jh^publiahlng game: Getting more for less. 

* =r ^f,Ku Sr U l,h ' Al C " Trend toward multiple authors In research 
publications: Mutual funding of scientists, Eos Trans, AQU . » 
700, 1979. 

|O « 0 ^,' T he rhinoceros, In Rhinoceros and Other Plays, 
Pr f ■ 1 i 1, 5 ro X 0 Pr8 &s, New York, 1 960. na . 

RnnL D n dS S - Mult,pl0 authorship. Science. 212, 960. 19*L 
Hanwn, D. and R. Kurtz, Statistical study of micropulsation oca 

sSSZ' i ? e ? t f tys - Re3 ’ 75, 5444. 1970. , J 

J ' J " J W ' Ber S- ^d K. L. Cook. PS convert^ J®" 8 
^ from large explosions, J. Qeophys. Res., 65 3817, I960. • 
Wltienbrock, F. K., United States and technological preemfnonci 
Science, 2 is, 1319, 1981 / 


been proposed that they are largely ’convsf 
-nL ° 80 8 in tbe atmosphere, formlno the *bl 
0Ver f o»ats. Alternatively, it ha 
, at they are chemically fragmented 

Rrtuf CU e , 8 L thus constituting a significant 9 
° f CO and H*. The emission flaxes 
ot the terpenea remain unresolved. : 
P|ume Inieraotlons. On the regional 
em peion piumee frpm cltles and from laolal 
inai pomplexesLara often brought into oonti 
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Fig. 2. The four principal layers of the earth's present 
atmosphere. The boundaries between the layers fluctuate 
somewhat with time and with geographical looation. 


meteorological motions, with apparently dramatic 
chemical consequences in some cases. Efforts to 
model these processes by combining detailed 
descriptions of organic and Inorganic photochemistry 
and of boundary layer meteorology are in their 
infancy. 

4. Aerosol Nucleatlon and Growth. Chemical evi- 
dence from airborne particulate matter implies that a 
rich chemistry occurs on particles as a result of their 
nucleatlon and growth from reactive gas molecules. 

Our understanding of these processes is poor and 
appears limited at present by theoretical uncertainties 
more than by lack of data, although the latter are 
surely scanty. 

5. Acid Rain. It seems clear that oxides of sulfur 
and nitrogen emitted In the gas phase are responsible 
lor the Increasing acidity of precipitation In northern 
Europe, northeast United States, and other areas. The 
rales at which the gas-to-drop transitions occur, and, 
in fact, the mechanisms of that occurrence, are poorly 
known. A marriage of atmospheric chemistry, aerosol 
pnyalcs, and cloud physics may be required to reduce 
the problem to quantitative understanding. 

The regional troposphere is probably the most 
chemically diverse of any of the planetary atmos- 
pheric regimes. Perhaps more than any other regime, 

I must blend emissions, meteorology, and chemistry 
to analyze properly the processes that occur. Its 
8tudy la an example of the interdisciplinary requlre- 
°f modern atmospheric and planetary science. 

William L. Chameides (Georgia Institute of Tech- 
nology) reviewed the 'Photochemistry of The Global 
Troposphere.’ Key elements of the tropospheric pho- 
tochemical system are (1) the production of the free 
radical OH In the presence of solar radiation and (2) 
he emission of reduced gases from the earth's sur- 
f ?■ tropospheric OH triggers the oxidation of many 
bm ii 9duC0d flases generated at the earth’s surface 
no ultimately causes their transformation Into cheml- 
oe 1 forms that are readily removed from the atmo- 
pnere by rainout and other heterogeneous 
nii« e .l 803. Thus, tropospheric photochemistry sup- 
llln he atmospheric link in the biogeochemlcal 
this u of ele menta auch ae C, N, and S. in addition, 
infii 0 , lcal system can perturb life systems by 
wincing important environmental parameters such 
h ® urfa 2 e temperature (via the atmospheric ’Green- 
.I,,: 81 ** Reef), the acidity of rainfall (via the produc- 
HNn \ d ,ncor P° r atlon In preoipitation of H 2 S0 4 and 
ape | ' 8nd tbe conce Orations of potentially toxic 
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® ma ? y uncert ainties remain, over the last 

8tand1n a 9 nMh a,ri * d0a ^ b00n made in our und0r * 
comomfnril pu ®f mospheric cycles of the carbon 

ha^e^ lrP!! 4 S nd ,?u 0, n,tr0flen oxid08 > ozon0 . 0 nd 

tha?OH a ■ th0 , 8e ° ycl08 ' i! has b00n f0lJ " d 
he ^? ,0r r ° l0 ’ and thua understanding 

me processes that control the OH abundance 1 b of 

^?roIH POr ?i!S 0 ' Becauae °f reactivity, the con- 
2“ ? f ° H atany tocal,on ia determined by a 
trurtinn b0t " 00n P hot o ch ©mical production and des- 

JSSSf Q H £ r n H C n ° CCUr8 88 B re8U,, 0f the P h °- 

Of'mi i? 3 8 meta8,ab i 0 oxygen atom 

(0( D )) followed by the reaction of O('D) with H a O 
Reactlona of OH with CO and CH 4 are generally the 
major loss processes for OH in the remote tropo- 

nw f nd , N ? ° an lead ,0 a ,urther snflence- 
ment tn OH levels by regenerating OH from HO,, the 

iinnswXL" 9 bee i? P roduc ad by the CO and CH 4 reac- 
?h H ' I hU8, a . n under8 *anding of OH concen- 
trations in the atmosphere requires a corresponding 

understanding of the atmospheric distributions of 0 3 , 
HbO, CO, CH 4 , the nitrogen oxides, and perhaps the 
array of atmospheric hydrocarbons. 

The recent National Science Foundation- 
sponsored Global Atmospheric Measurements Experi- 
0 Tropospheric Aerosols and Gases (GAME- 
TAG) included simultaneous measurements of OH 
and many of the parameters that influence OH con- 
centrations: CO, CH 4 , 0 3 , H a O, ultraviolet flux, etc. 
Thus this experiment, by allowing a direct comparison 
of measured and model-calculated OH, has made 
possible the first quantitative test of the photochemi- 
cal theory of tropospheric OH. Results for the tropical 
and subtropical marine boundary layer are quite 
encouraging. It is suggested, however, that a future 
project consisting of a more comprehensive set of 
trace gas measurements would afford a more rigorous 
test of OH chemistry and of other fast photochemical 
processes. It is also noted that a vigorous observa- 
tional program to elucidate the detailed global distri- 
butions of key trace gases and their sources and 
sinks is still a major need in this field, as is the con- 
tinued development of sophisticated photochemical 
models to analyze and simulate these data. 

Barry J. Huebert (Colorado College) considered the 
'Aerosol Chemistry of the Troposphere.' Because so 
many gases that cycle through the troposphere pass 
through a condensed phase at some point, we cannot 
fully understand their geochemical cycles without 
understanding their aerosol phases. Current areas of 
aerosol research Include (1) measurements of parti- 
cle sizes, compositions, and spatial distributions; (2) 
studies of the effect of aerosols on visibility, climate, 
and precipitation chemistry; and (3) investigations 
into the role aerosols play in trace gas chemistry. 

In many cases the aerosol phase is a sink for 
trace gases. This gas-to-particle conversion includes 
such processes as the nucleatlon of new particles 
(after the reaction of SO a with OH, for instance), the 
condensation of gases onto existing particles (as In 
the adsorption of HN0 3 onto aerosols), and the 
heterogeneous reaction of adsorbed gases on parti- 
cles that serve as catalysts. Aqueous phase chemis- 
try can occur in the liquid layer surrounding solid par- 
ticles in mists, fogs, and clouds. 

Aerosols are not only sinks for gases, they can 
serve as a source when volatile gases are formed on 
or in the aerosol (as In the release of HCI from sea- 
spray) or when cloud droplets evaporate and release 
their dissolved gases. 

We are only just beginning to appreciate the com- 
plex role of aerosols In the chemistry of the tropo- 
sphere. Although we qualitatively understand the 
prooesaes by which aerosols Interact with atmos- 
pheric gases, our quantitative understanding la quite 
poor. Soma modelB for aerosol growth do give fair 
agreement with chemically simple systems, but 
current models are generally unable to predict the 
relative rates of nucleatlon, condensation, and coagu- 
lation of the complex aerosols in the real atmosphere. 
We need better thermodynamic data for the impure 
condensed phases that form, as well as much addi- 
tional theoretloal and experimental work on the 
growth processes. Until we can predict gaa-to- 
particle and partlole-to-gaa conversion rales, we will 
be unable to include meaningful source and loss 
terms In atmospheric traoe-gas models. The situation 
Is only slightly better for the measurement of aerosol 
composition and concentration. Although some non- 
volatile, noncondenaible compounds can be collected 
and 8peclated nicely, many aerosol measurements 
are haunted by positive or negative artifacts from the 
sampling process. Aerosol ohemlstry desperately 
needs techniques that can Identify specific chemical 
species In In situ aerosols. 

Ralph J. Cicerone (National Center for Atmospheric 
Research) summarized the ’Photochemistry of the 
Stratosphere’ (the region Of the atmosphere between 

' 10 and 60 km above the surface). The stratospheres 
chemistry Is controlled by tha fluxes of gaseB from 
the troposphere and the mesosphere and by their 
nteraotion with solar ultraviolet and visible radiation. 

A major concern of scientists Is the photochemistry of 
stratpepherlb 0 3 , and the possible . Inadvertent deple- 
tion of 0 3 owing to various anthropogenic aotlvltlea 
(a 0 hiah flying supersonic transports, man-made 
chSrofluoromethaneis (CFMs), and nitrogen 1 fertilizers 
Ssed in agriculture). About 90% of the. total atmos- 
Dhario Oa Is found In the stratosphere. As was 
already pointed out, atralosphjrlo 0 8 protects the aur- 

' face of our ; planet from solar ultraviolet radiation 

• ^^production of atratospherlo Oa is Initiated by 
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Ftg. 4. Theoretical predictions ol the eventual decrease In 
stratospheric ozone aa a function ol the time at which the 
prediction was made (courtesy of R. P. Turco). 
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Fig. 5. The spectrum of particles In the earth's upper 
atmosphere. Shown ere lhe approximate size dispersions of 
particles of difforoni origins. The total number concentration 
of each type of particle ia roughly Indicated by tho peak 
value Indicated on the vortical scale (courtesy of R. P. 

T urco). 

the photolysis of molecular oxygen (0 2 ) by solar ultra- 
violet radiation (x < 242 nm). resulting in the forma- 
tion of two oxygen atoms (O). The oxygen atoms 
recombine with 0 2 to form 0 3 . Stratospheric 0 3 is 
destroyed via photolysis and by reaction with atomic 
oxygen. In addition, stratospheric 0 3 is destroyed by 
reactions with species present in trace amounts, 
thousands of times less abundant than O a Itself. 

These species enter into catalytic cycles in which 
one molecule can destroy many 0 3 molecules before 
being removed itself. These catalytic cycles involve 
the oxides of nitrogen (NO,), hydrogen (HO,) and 
chlorine (CIO,). The major source oi stratospheric 
NO, lathe reaction of nitrous oxide (N 2 0> with 
excited atomic oxygen. Nitrous oxide Is produced by 
the action of microorganisms at lhe surface of the 
earth. The major source of HO, in the stratosphere Is 
the reaction of excited atomic oxygen with water 
vapor (H 2 0). The major source of stratospheric CIO* 
Is the photolysis of man-made chlorofluoromethanes 
(CFMs) (e.g.. CFCI 3 and CF 2 CI 2 ). Current model 
results suggest that the CFMs produce the largest 
ozone depletion. As updated Information becomes 
available, model results fluctuate, however, as is 
shown In Figure 4. inadequate computational power 
and the sparseness of stratospheric data will combine 
to make improved assessment difficult over at least 
the next few years. 

'Particulates In the Middle Atmosphere' was tha 
topic discussed by Rlohard P. Turco (R*0 Associ- 
ates). The middle atmosphere — tha stratosphere 
and mesosphere between 16 and 90 km — is now 
known to contain a rich variety of particulate matter 
(Figure 6). Neutral and charged clusters of 
moleoulea, with radii ranging from 2 to 10 A, are the 
most diminutive of atmoaphsrio particles. Clustered 
positive and negative lone may combine to form 
stable mullMon complexes with sizes between 10 and 
60 A. Meteorlo smoke, which ia produced by tha 
ablation of Interplanetary debris entering tha upper 
atmosphere at high veloolty, also occupies the afnall 
size range from about 6 to 100 A. M I croniet sorites 
that survive atmospheric entry dominate the size 
spectrum from about 1 to 10 jim. Sulfate aerosoia of 
photochemical origin are present in a narrow layer 
between 15 and 26 km attitude. Theae volatile parti- 
cles can grow io sizes of 0.'1 to 1 pm. Volcanoes 
occasionally Inject large quantities of ash and sulfur- 
bearing gases into the middle atmosphere. Such 
events can significantly increase the aerosol burden 
fora year or more. , 

Man can affect the concent rat Iona of aerosoia In 
the middle atmosphere both by dlrsoi injection of par- 
tides and by emission of gasaa that can condense 
into particles. Aluminum oxide dust from rocket .. 
engines has been found In large quantities ei 20 km. 
Some industrial gases such as oarbonVI aulflds and 
oarbon disulfide can reach the Stratosphere, Jheii 
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decompose, and subsequently form new sulfate aero* 
aols. 

A number of possible mechanistic roles have been 
suggested for the particles In the middle atmosphere. 
They may ( 1 ) serve as reaction sites tor gases, (2) act 
as e sink for gases, (3) Influence the global radiation 
balance, (4) nucleate nacreous and noctllucent 
clouds, and (5) provide a link between solar emission 
variations and tropospheric weather. Of these possi- 
bilities, only Ihe second and third are well eetablished 
at present, although the others are under active 
experimental and theoretical invest Igallon. 

Since the discovery of the permanent, ubiquitous 
stratospheric sulfate aerosol layer by Junge and 
coworkers two decades ago, these particlee have 
been a subject of intense study using both In situ and 
remote sensing techniques. On the beats of such 
observations, we can say that the aerosols ere prob- 
ably composed of a 75% sulfuric acid aqueous solu- 
tion, with an admixture of a variety of materials rang- 
ing from meteoric debris to nltrosyl compounds 
derived Irom stratospheric NO*. The mode of nuclea- 
Uon of the aerosols Is uncertain and may Involve tro- 
pospheric (Ait ken), meteoric, ionic, and sulfur radical 
nuclei. The growth of the aerosols Is largely con- 
trolled by the oxidation or sulfur-bearing gases which 
are transported into the stratosphere from the tropo- 
sphere. The primary gaseous aerosol precursors are 
sulfur dioxide and carbonyl sulfide, both of which may 
have significant anthropogenic sources. 

The effects of stratospheric aerosols on tho global 
radiation balance are most noliceabls following major 
volcanic eruptions, when the aerosol layer may be 
enhanced to the point that substantial temperature 
variations occur at the earth's surface. The May 18. 
1980, eruption of ML St. Helene created dust- 
darkened skies and brilliant sunsets, dramatically 
demonstrating ihe optical perturbations that can be 
caused by volcanic aerosols. Recently, an Increasing 
trend In the optical density of the background (non- 
volcanic) aerosol layer has been Identified; one possi- 
ble explanation is man's increasing usbqo of fossil 
fuel, with the attendant retease of sulfur compounds 
to Ihe atmosphere. 

In a talk entitled 'Photochemistry oi the Meso- 
sphere and Thermosphere,’ Douglas Q.Torr (Utah 
Slate University) pointed out Ihe Influence of new 
data, largely acquired or stimulated by satellite exper- 
iments, on the understanding of thermospheric chem- 
istry. At the end of 1979, that chemistry appeared to 
have crystallized into a clearly understood form, 
mainly as a result of analyses conducted with data 
taken by the Atmospheric Explorer <AE) C, D, and E 
satellites. To maintain consistency with laboratory 
measurements of Ihe processes that destroy the N 2 
ionization, it was found that the rate coefficient for the 
charge exchange reaction 

0 + ( 2 D) + N a ^N a * + 0 

must be less than 10"'° cm 3 s - ', that Is, an order of 
magnitude smaller lhan earlier laboratory measure- 
ments conducted by using nonthermal 0 + ions. How- 
ever, during the course of the last year new laboratory 
measurements established #c, to be ~8X iO -,0 cm 3 
s -1 (i.e., an order of magnitude larger than the aero- 
nominally deduced value), inclusion of this new value 
for ft i in Ihe Ion chemistry introduced several prob- 
lems, namely excess production ot N£ Ions and a 
shortfall in production of 0 + ( 4 S) ions, which caused a 
deficiency in the concentrations or both NO* and 0£ 
Ions. These appear now to have been simultaneously 
resolved with the inclusion in theoretical models of 
rapid charge exchange between vibralionally excited 
Na and oxygen atoms. The previously anomalous 
seasonal behavior of Ihe F a layer on a global scale 
appears also to be explained by this new approach. 

To rr reported that a major step forward in the 
laboratory measurement of rate coefficients was that 
of E. C. Zipf (University of Pittsburgh), who used laser 
Induced photofluorescence techniques to study the 
behavior of N a ions In specifically identified vibra- 
tional and rotational quantum elates. The specific 
dissociative recombination coefficients for the v — 0, 

1, and 2 vibrational levels of Ihe aisle were 

found lo be nearly equal in magnitude, thereby plac- 
ing significant constraints on allowable thermospheric 
modota. In the case o( 0*. Zipf used indirect tech- 
niques lo study the production of O('S) via Of 
recombination and found very iittle production in the 
v O level, implying that high 0{ *S) yields are 
associated with recombination In high vibrational lev- 
els. The O('S) yield inferred from the AE data is 
large, but vibrationalfy excited O } is believed to be 
strongly quenched by atomic oxygen In the thermo- 
sphere. To explain this Inconsistency, a dependence 
of the O('S) yield on electron temperature has been 
tentatively suggested. 

In the area ot neutral thermospheric chemistry, 
recent developments include Ihe finding lhat the for- 
bidden predlasociallon of the numerous 'n H and '2, 
valence and Rydberg states of N 2 in the 11-24 eV 
range via radiation entrapment In an optically thick 
atmosphere is the dominant mechanism for N 2 atom 
production, (He finding that destruction of N(*D) con- 
stitutes a major source of 01 8300 A dayglo w, and the 
discovery of an oxygen geocorona of --3000 to 
40Q0 fl K. 

Mesospheric chemistry has not received as much 
recent emphasis as has thermospheric chemistry, 
mainly because the necessary experimental effort has 
been planned for the 1980’s. Some recent results 


have provided new Insights, however. A rewaluatton 
of the O a dissociation rate has yielded ratios of 1 and 
0.6 for the old to new rates at the altitudes 80 and 50 
km, respectively. Similar results for the dissoc atlon 
rate for water vapor Indicate that the uncertainties are 
such that the actual rates may be as low as 0.45 or 
as high as 1.56 times the currently accepted values. 

In an analysis ol solar proton events, it has been 
recently pointed out that above -75 km the rate of 
dissociation of water vapor produced by recombina- 
tion of hydrated Iona may be large enough to deplete 
H 2 0 concentrations significantly, sinoe the odd hydro- 
gen at these altitudes la effectively lost In conversion 
of H a by Ihe reaction 

H + HO2 -» H* +■ O a 

The net result would be an Initial depletion followed 
by a storm time Increase in ozone. 


Terrestrial Planets: Venus and Mars 


Planetary atmospheric chemistry at the symposium 
waa Introduced by Ronald Q. Prlnn (Massachusetts 
Institute of Technology), who discussed the ‘Chemis- 
try of the Atmosphere of Venus.’ The atmosphere Is 
dominated by 00% N 2 at -3.4% being the next moat 
abundant constituent. HCI and HP were detected by 
ground-based spectroscopy in 1968; their presence 
Is consistent with what one would derive by heating 
earth rocks to the 760°K Venusian surface tempera- 
ture. CO is also present, primarily as a result of C0 2 
photolysis; other suggested sources are lightning and 
thermochemistry near the surface. Water vapor Is 
present at concentrations ot a few parts per million 
above the clouds and a few hundred parts per million 
below the clouds. 

The recent Venera and Pioneer Venus probes 
confirmed earlier suggestions of a rich sulfur chemis- 
try in the Venusian atmosphere by detecting S0 2 and, 
more tentatively, H 2 S, S& and S 4 below the clouds. 
Collaborative evidence for concentrated sulfuric acid 
as a major component of the clouds of Venus was 
also provided. The ultimate source of the sulfur is 
undoubtedly outgaaaing of the crust, perhaps partially 
by volcanlsm. This outgaaaing is expected to be in 
tho form of H 2 S and OCS. The latter gas has not yet 
been observed but would be expected at altitudes 
below 20 km (where measurements are presently 
lacking) due to equilibration of the observed CO, S 3 , 
S 4 , and S0 2 . 

It appears that photochemical oxidation of S0 2 
and, to a leaser extent, H a S Is the major source of the 
auHurlo acid in the clouds and the major sink for the 
O a produced from C0 2 photodisaoclatlon at high alti- 
tudes. The major sink for CO appears to be oxidation 
to CO a by reactions with SO a , SO* , and SO near the 
surface. The Venera spectrophotometers Indicated 
that the water vapor mixing ratio decreases as one 
approaches the surface. This property may be linked 
to photodi8BOciatlon of S3 and S 4 by near ultraviolet 
and visible light below the clouds. Collaborative 
laboratory studies are required. 

The chlorine chemistry of the Venus atmosphere, 
although studied for some years, le more poorly 
understood than that of the earth. The t ppm of HCI 
that Is present will photolyze to produce both odd 
hydrogen and odd chlorine radicals. These latter 
species are expected to play some role in the oxida- 
tion ot S0 2 at cloud level, but the exact mechanisms 
are not yet known. The much lower O z concentra- 
tions on Venue will render Cl much more abundant 
than CIO, In contrast to the situation in tha earth’s 
atmosphere. 

The clouds of Venus possess a complex structure 
as a function ol altitude (Figure 8) and appear to be 
composed of several different chemicals as well. 
These points were discussed by Owen B. Toon 
(NASA Amee Research Center) in hie talk ’Chemistry 
of the Clouds of Venus.’ The upper cloude ere largely 
sulfuric acid, but the particle size distribution le blmo- 
dal with peaks at -0.1 and 1.0 nm, a distribution that 
pure sulfuric sold chemistry apparently cannot repro- 
duce. This Implies the presence of another consti- 
tuent. Sulfur particles violate eeveral observational 
constraints and cannot provide Ihe opacity needed to 
explain the ultraviolet markings on Venus. A candi- 
date compound Is 01% 

The lower olouds are characterized by a trlmodal 
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THERMAL PROFILES OF GIANT PLANETS 
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Fig. 7. The thermal structures of the Jovian planets. (D. 
Gautier and R. Courth, Icarus, 39, 28, 1979; reproduced by 
permission of Aoademlo Press.) 


particle size spectrum with peaks at -0.01, 0.1, and 
0.6 pm. Again, sulfuric acid falls as a controlling 
species in such a trlmodal regime. The clouds appear 
to be partly sulfuric acid, but most of their mass Is 
contained in an unidentified solid, transparent com- 
pound composed of at least Cl, O, and S. 

Severe difficulties are encountered when trying lo 
model the cloud chemistry. Present models are rea- 
sonably successful at reproducing the observed 
upper level sulfuric acid clouds, but are unsuccessful 
at producing the observed vertical profiles of 0% CO. 
and SO* the abundance of Cl* required to explain Ihe 
observed ultraviolet absorption, or any solid chlorine 
compounds In the lower clouds. Theoretical and 
laboratory studies are required to improve the model* 
but major questions remain for future spacecraft mis- 
sions to resolve. 

Next to the earth’s present atmosphere, that of 
Mara Is probably the beet understood. In a talk enti- 
tled 'Photochemistry of the Martian Atmosphere,' T. Y. 
Kong (Bell Laboratories) pointed out some of the dis- 
tinctions between them. The atmosphere ot the earth 
is controlled by four processes: photochemical, physi- 
cal, biological, and anthropogemic. On Mars, only ihe 
first two of theae appear to exist. Aa a result, Mare 
has not developed an oxygen-rich atmosphere, but 
maintains a thin atmosphere (surface pressure 8 
mbar) dominated (90%) by C0 2 . About 4% of the 
atmosphere Is N a and Ar. 

The low opacity of the Martian atmosphere (except 
during dual storms) promotes photochemical 
processes, with such species aa 0 3 , CO, and NO 
being observed as a result. Much of the driving force 
for this chemistry comeB from the photodlssoclation 
of C0 2 and H 2 0. Model calculations have been rea- 
sonably aucce8aful at treating such features as tw 
wide variation (up to a factor of —30) of low-altituo 
ozone concentrations at different latitudes and 8fl a- 
sons. At high altitudes, the dominant form of odd oxy 
gen is predicted by the models to be the oxygen 
atoms. The dominant form of odd hydrogen near in 
ground le HO a , not unlike the troposphere of tne es 
Still to be Investigated are the waya In whloh Man 
dust Influences the chemistry of the Martian atmo- 
sphere. 


The Jovian Planets 


D. F. Strobel (Naval Research Laboratory) dis- 
cussed the atmospheres of the Jovian planets, wim 
epeolal emphasis on Jupiter. The thermal structur 
of the Jovian planets (Figure 7) differ prfndpally 
the temperature offset owing to solar distance- • 
composition le dominated by H 2 and He. 

Saturn have recently been the subjects of Voyager 
flyby analyses; oomblned with ground-baaed ods 
tions, theae Indicate the presence of CH 4 . C 2 nii 
C 2 H e , NH 3 , and PH a In the atmospheres of botn 
planets. In addition, CO has been deteoted In tne 
Jovian atmosphere. . h* 

The observations oan be compared with theory 
using the deduoed thermal structure, assuming 
thorough atmospheric mixing to great depths, an 
invoking ohemical reactions that link the ob8er J h a 
species. For Jupiter, this is done by starting wim ■ . 
parcel containing a variety of volatile conatltuen 
an Interior reference level of p “ 200 kbar, . . . 

T - 2000°K, allowing the paroel to ascend aai_ 
cally, and calculating the levels at whioh the -v 
liquid and solid phases condense out. The co^ 
sates are assumed to remain as aerosols at tnwj 
els. Dense water cloude are calculated to form *j f 
270% 80 km above the ‘surface 1 reference ® -fliS 
where p - 20 bar. Near the 200°K (90 km) 
is thought to react with NH a to form a cloud 
NH 4 8H particles. White crystals of ammonw 1 P . 
fate out at 154°K (p - 800 mbar/* * 120 J^S3 
dues the visible upper cloud layer, a res uj.W jis: 
by lines characteristic of solid ammonia IrijAr 
emission spectra. >!■ 

\ ,lt appears that many of the Jovian tra^^ . ^ 

are nraatarl kb<U I. fu/herS SOf 81 r?V. 


are created high. in the atmosphere (wherdi wte 
tons are readily available) and are 
the lower otmosjbhereA'The color pf the flfjjj -foj 
Spat and Of soffit of the bloude la presumably.^-. 


of phosphorMs ehefHlatry, although compoun«^' 

hydrocarbon ohemftthl.are complicated 
tors: uh£erta|ri©ri$h$ photochemistry. 
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C s Ha and the possibility of chemical effects from pre- 
cipitating magneto8pheric particles. Ongoing ana- 
lyasB of the Voyager data may place constraints on 
some of these processes. 

The photochemistry of the atmospheres of Saturn, 
Uranus, and Neptune have received much less atten- 
tion than has that of Jupiter and were not explicitly 
discussed at the symposium. There is every Indica- 
tion that similar approaches can be used to describe 
the chemistry of all the Jovian planets, however. All 
contain small hydrocarbons and probably ammonia. 
Spurred on by the wealth of Voyager data, they will no 
doubt be actively modeled over the next several 
years. 

Titan, Triton, and Pluto 

Little has been known of the atmospheres of these 
three bodies, and they have received little study as a 
result. The paucity of Information was dramatically 
reversed for Titan by the Voyager I flyby in November 
1980. Previously thought to contain mostly methane, 
Ihe atmosphere was found to be almost entirely N* 
Trace amounts of CH 4 , C 2 H 2 , C 2 H 4 , C a H 8 , and HCN 
were also detected by Voyager I, proving conclusively 
the existence of hydrocarbon photochemistry on 
Titan. The surface temperature and pressure, atmos- 
pheric scale height, and the presence of a 75°K tem- 
perature minimum at -50 km were also established. 
Theoretical studies aimed at matohing these observa- 
tions and thus establishing the atmospheric chemical 
mechanisms are being vigorously pursued. 

Triton and Pluto are known to possess frozen 
methane on their surfaces. At surface temperatures 
ol 60“ — 70°K, the methane vapor pressure from this 
methane Ice will provide tenuous atmospheres. It is 
reasonable to suppose that the unobserved gases N* 
Ha and Ar will be present as well. Until more detailed 
experimental observations can be obtained, little 
Information will be forthcoming on the atmospheric 
chemistries of Triton and Pluto. 

Summary 

Ths photochemistry of planetary atmospheres has 
come of age In the last decade. From a single exam- 
ple, (he modern atmosphere of the earth, the vigorous 
programs of planetary exploration have provided data 
on the atmospheres of Venus, Mars, Jupiter and lo, 
and Saturn and Titan. In addition, studies of geologi- 
cal records have provided substantial inferential infor- 
mation on the ancient atmosphere of the earth. 

Although we can still look forward to the observations 
of Voyager 2 of Uranus, Neptune, and Triton, eight 
examples of planetary atmospheres are available to 
tha theoretical photochemlst. Their similarities and 
■heir differences provide striking examples of the con- 
comitant diversity and scientific rigor of nature. 
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Volcano Organization Formed 

Th0 past decade was an unusually eventful one for vol- 
canology, with the 1973 eruption on Helmaey, Iceland, the 
*”6-1977 rumblings of the Soufrtere Volcano on Guade- 
jyjjf 1 J 1 ® huffing and puffing of Iceland's Krafla Volcano In 
many eruptions of Mount Etna In Sicily In tho 
hflS. 8 i. and the awakening of Mount St. Helens in 1980 
vnv* , ed Slal0a - In addition to their scientific duties, 
canotoglsts have had to play an important social role as 
“■wsors to administrators. For example, the political deci- 
® ^acuate Guadeloupe exposed French volcanolo- 
bv m ° ? crutin y more severe than previously experienced 
profession. These volcanologists met 
challenge by completely reorganizing their volcano ob- 
atone8 and by increasing their volcano research, 
recognition of this recent reorganization and the asso- 
bu Modernization of volcano observatories on Guade- 
ssnion, Martinique, the French government Invited repre- 
fuUnre t SS from the world’s volcano observatories and Instl- 
resuK rn ® e1, T* 10 rneetlng, from February 18-21, 1981, 

Vnj tel” 5 ‘ he establishment of the World Organization of 
Wovn 1 ObS0, vatorles (WOVO). As Its name Implies, 
bm vnii! concer rt 0 d exclusively with volcano observatories 
lunalnno n ? mon| torlng; Its activities vyilf not: duplicate the 
Intern^ 0 1 International organizations, such as the 
the PartK' 1 Ass °cfatlon of Volcanology and Chemistry of; 
^lnm) 3 ? erl0r (IAVCEI), which focus generally on vol- 

a ! li0 d topics. *' . 

prove ob J 0 ctlves of WOVO are to create or lm* 

observatories and Institutions directly • 1 
WanH Vo cano reohltorfng; to facilitate the exchange of 
nuai mfloll expeTlenc00 by convening periodic, perhaps an* 
•ifimtaniMi ® 81 tD maintain an up-to-date inventory of In* 
aife u a :; Dn . and manpbwer, which could be made avail- 
' he Prober Instltutidns if a situation arlqesj 
hgfrorn |^ ,3 ? l0 ntific reinforcement; and to promote fund-} . 

hay organizations, which could Help to dq-,. 

.ifiamg ^ related expertoes pf ' sciehtlflp reinforcement 


Representatives from Costa Rica, France, Iceland, Indo- 
nesia, Italy, Japan, Portugal, Mexico, and the United States 
attended Ihe meeting. Ecuador, New Zealand, ihe Philip- 
pines, Tobago, and Trinidad also have expressed Interest 
In WOVO. Any country can join Ihe organization as a 
founding member until the next meeting, planned for Au- 
gust 1982, In Iceland in conjunction with the IAVCEI/IAGC 
meeting. 

Two working groups convened during the Guadeloupe 
organizational meeting. A group on monitoring strategy, 
composed of L A. Mendes Victor (Portugal, chairman) , 

J. L. Chemlnee (France), A. Sudradjal (Indonesia), and I. 
Yokoyama (Japan), met lo define a general strategy for 
monitoring regions where many volcanic events have oc- 
curred throughout history. The group also sought lo define 
baste Institutional cooperation while strengthening observa- 
tional systems and promollng fundamental prediction re- 
search. Among the recommendations offered by the group 
are (1) that a country with many active volcanos must de- 
fine the priority of action according lo the volcanic hazard; 

(2) that same major volcanic areas be equipped with ad- 
vanced observation systems with continuous seismic re- ; 
cording stations; (3) that regional understanding offlMte- 
Itycan provide an adequate Information baste for decisions, 
concerning the mobilization of national or International 
cooperation programs for monitoring specific areas for 
shorTperiodi; (4) that nationally coordinated geophysical 
Stations will facilitate the observation of geophysical phe- 
nnmena over large areas, but Information exchange musl . 
be rapid to take appropriate action; and (6) that the history 
•o?acSS volcanos be studied and the recurrence of events ■ 

; 

the 'adequate minimum' equipment and personnel lor a voK 
i J ^hSatorv Gtvdn the premise that any. monitoring I a. ; 

SS? the working flrouf^posed 0! R. Till- 

apeidP'a (Mexico). B. Malavassl 

IS rL^l Villari (Italy), and J. P. Vlode: (France)- . • 
(Costa Rica), t- ;V ( , Z'l rahnrrilfin mnnUrtrllVJ ' 


StmSy 'agreed that ^contlhuduely recording monitoring 
Sma are atojulely essential (pr timely volcanic he* 


tectonics 

John F. Dewey, editor-in-chief 
Paul Tapponnler, european editor 
B. Clark Burchfiel, north amerlcan editor 

tectonics will keep you abreosf of: 

• Recent advances in experimental 
techniques! 

• The development of new theories! 

• Successful solutions to problorns 
in crustal evolution through 
current global tectonics! 

Students $10 AGU EGS $20 

Volume 1 February 1982 
bimonthly therenflor 

ORDER NOW! 

American Geophysical Unfon 

2000 Florida Avo.. NW. 

Washington. D C. 20009 

462-6903 

800-424-2488 Outfit lu iiio Wa-.iniKiton [j c _ire \ 


ards warnings. The adequate minimum systems should in- 
clude a seismic network ol three stalions (short-period, ver- 
tical seismometers and associated telemetry and recording 
systems) to locale the foci o! seismic activity; a simple 
tremor or seismic alarm system to alert staff at night, and a 
continuously recording hltmeter with associated radio-link 
telemetry. For calibration, Ihe system also should have at 
least one noneleclronlc till -measurement array Adequate 
minimum staff was defined by the group to be two geosci- 
entists. one specializing in geophysics seismology and an- 
other in geology geodesy; one electronics engineer or tech- 
nician; and two general purpose, physical science techni- 
cians. The group also deemed desirable, to augment the 
minimum monitoring, periodic reoccupalions of a network of 
'dry till stations, a modest trilateral ion (geodimeter) net- 
work. and a few leveling lines; observations of physical 
changes in Ihe volcano's vicinity; collection ol information 
resources, documentation, and manuals for instruments 
and monitoring techniques; and study of historical records 
to ascertain eruptive patterns. 

Gudmundur E. Srgvaldason of Iceland was efected presi- 
dent of WOVO's executive board; other members are Till- 
ing. Yokoyama. and J. L. Le Mouel (France). 

For additional Information on WOVO, contact Slgvalda- 
son. Nordic Volcanological instilute, Geosciences Building. 
University of Iceland, Reykjavik, Iceland. 

This news item was contributed by G. E. Sigvaldason 
and Is a compilation of reports by L. A. Mendes Victor ol 
Portugal and Robert Tilling of the U.S. Geological Survey, sft 


Luck + Merit = Grant 

Granting approval to proposals submitted 10 the Nalional 
Science Foundation (NSF) depends about as much on luck 
as it does on the scientific merit of the proposal, according 
to a study by the National Academy of Sciences' Commit- 
tee on Science and Public Policy (COSPUP). In addition, 
concealing the names of the authors of Ihe proposals, a 
practice known aa ’blinding,' would not algnilicantty change 
the outcome of the grant-awarding process. 

’The fate ol a particular grant application is roughly hall 
determined by (he characteristics of the proposal and iho 
principal investigator, and about half by apparently random 
elements which might be characterized as the "luck of Ihe 
reviewer draw," 1 according to Stephen Cole, Jonathan R. 
Cole, and Gary A. Simon In the COSPUP report summary, 
published In the November 20 Science, If researchers' pro- 
posals tor NSF grants were rated again by an equally quati^ 
fled group of reviewers, between 25% and 30% of NSF 
. funding decisions could be reversed, they said. 

However, 'Ihls should not be Interpreted as meaning ei- 
ther that the entire process Is random or lhat each individ- 
ual reviewer la evaluating the proposal in a randpm Way, 
they, continued. To clarify the way In which Ihe luck of ihe 
draw works, the report's authors suggest that the sources - 
of reviewer disagreement be scrutinized.- .. 

’The great bulk Of reviewer disagreement observed is 
probably a result lot real and legitimate differences of opln- : 
Ion among experts about what good science Fs or should ■ ■ 
be. . ... As Jong as substantial reviewer disagreement, 
whatever Its source, exists the fate of a particular proposal - 
will depend heavily upon which reviewers happen to be se- 
lected,' stale Cole, Cote/ and Simon. . \ ; •- 

COSPUP also found that ‘reviewers qt major. instiUitlbna 
did not treat proposals from applicants more favorably lhan' 
did reviewers frorp lesser Institutions.’ They found.. Tact, 
the opposite trend. Length of career had no strong effect bn 
the probability of receiving a grant. In addition, there Was 




1182 EOS, vol. 62, no. 50, December 15, 1981 


low or moderate correlation between the funding decision 
and the prestige rank of the applicant's current academic 
department, academic rank, geographic location, NSF fund- 
ing history during the previous 5 years, and the location of 
doctorate training. 

Given the chance of the review process, it would appear 
that the more proposals a scientist submits lo NSF, Iho 
more likely it is he or she will be funded. ‘In fact,' Cole. 
Cote, and Simon said, 'eminent scientists may be more 
likely to bo funded than less well-known ones nol because 
their probability of success Is greater for each submitted 
proposal, but because they submit many proposals and are 
not deterred by an Individual rejection.' 

Would a ‘blind’ review system be better? in general. 
COSPUP found that ‘it was extremely difficult to conceal 
the authorship of proposals,' and that reviewer disagree- 
ment, not blinding, played a greater role in their study. 

What does all of this mean (or science? 'A distinction 
must be made between the effect of randomness in the 
peer review system on Individual applicants and the effect 
on science Itself,* according lo the report summary. While 
the randomness may be frustrating to individual scientists, 
'it may have little effect on the rale of development of sci- 
ence as a whole, wrote Cole, Cole and Simon. 'One clear 
disadvantage (or science of the current peer review system 
Is that N compels even our most talented scientists lo 
spend substantial amounts of lime and energy writing pro- 
posals, time and energy that might be more fruitfully spent 
doing research.'— BTR& 


NS F Reviewed— An Analysis 


The awarding ol sclonlitic research grants jointly to in- 
vestigators and (hair academic institutions by the National 
Science Foundation (NSF) (see news Itom above) is based 
on a concept ol high Won Is; review ol proposed research 
ploys is dono by peers selected from the academic commu- 
nity. The peer review process and the way awards of funds 
are mado to an investigator s institution are often mildly crit- 
icized, but among members of the community there has 
tong been an underlying rospect of the concepts, a recogni- 
tion that the process lends lo lead to high standards In re- 
search. As peers are chosen, a certain degree of uneven- 
ness in the review process Is lo be expected. Just how 
much unevenness has been revealed in a recent study 
sponsored by the National Academy ol Sciences Commit- 
tee on Science and Public Policy (COSPUP). The results 
indicale that the peer review process is random and unbi- 
ased. The results show some tendency toward unevenness 
between groups of peers, but the NSF process evidently is 
a finely tuned one. especially when compared with other 
mare or less subjective methods ol evaluation. 

The choice and selection of reviewers of a proposal is, 
by necessity and intention, subjective in certain ways. The 
reviewers must know Ihe held, the specifics of the pro- 
posed research, and they musl be competent to judge the 
investigator and the institutional facilities. To do this, Ihe re- 
viewers must be subjective, bordering on a conflict of inter- 
est. And yet, the study showed there was little, if any. bias 
toward proposers. There was a measure.abfe component of 
whal the study called ‘luck of the reviewer draw,' which was 
seen when a given set of research proposals was evaluat- 
ed by more than one group of reviewers. If the selection of 
reviewers was random, then the reviews were uneven. The 
modifying subjectivity is the thoughtful choice of reviewers 
by the NSF program directions. This has been called 'in- 
formed subjectivity' (Chemical and Engineering News. Nov. 
16. 1981). Reviewer disagreement seemed (o be mostly 'a 
result oi real and legitimate differences oi opinion among 
experts about what good science should be.' There Is no 
guarantee that a given proposal wilt be judged the same by 
several sets of reviewers, and yet the report slates . . . 'this 
should not be Interpreted as meaning either that the entire 
process Is random or that each individual reviewer is evalu- 
ating the proposal In a random way.' 

Even though the NSF-peer review system has proven to 
be a fair judge ol research proposals, the investigator 
whose budget Is severely cut or whose proposal is turned 
down will gel tittle solace from the results of a survey. That 
there is some degree of randomness or chance in the out- 
come serves to provide a smoothing function to the overall 
process. Chances improve with statistics and with the num- 
ber of reviews of a given proposal. The report states: . . 


New Publications 


Process in Geomorphology 

C. Embleton and J. Thornes (td9.). John i 


436 pp.. 1979. $44.95. 


Wiley, New York. 


Reviewed by Avijtt Gupta 


As ihe tnte suggests, this Is a process-oriented textbook 
In geomorphology, written by a team of six British geomor- 
phologlsls: C. Embfelon. J. Thornes, D. Brunsden, A. War- 
ren, M. Clark, and B. Whatley. The trend in geomorphology 
over the last several decades has been toward a strong 
emphasis on the study and understanding of processes op- 
erating on landforms. This has resulted in the publication of 
a number of advanced and usually specialized volumes, for 
example, Leopold, Wolman, and Miller's classical textbook, 
Fluvial Processes In Geomorphology, which came out over 
15 years ago. However, as the editors of this book describe 
(n the preface, a detailed end comprehensive text that 
deals with all the major geomorphologfcat processes, like 
lluvlal, glacial, aeollan activities, etc., haa been lacking. 

This volume is an attempt to fill the need for such a text at 
Ihe advanced undergraduate loyal. 


given the Importance ol chance In the current process, 
clearly the more proposals a researcher submits the hlgne 
the probability ol being funded.' Thus there is good news 
that an Investigator should not be deterred by the rejection 

° Perhaps Ihe most Important outcome of ihe study is that 
the review process is a good one and Is working. The 
questions or problems that arise are more sophisticated 
and subtle than factors revealed by a. statistical study. They 
have to do with the correspondence between the research 
proposed and the research actually done, the aitempl to 
judge creativity before It Is created and the obvious ques- 
tion of trying to prejudge a result that cannot be predicted 
beforehand. The review process Is Influenced by the 'zero- 
based' budget syndrome: a new budget per year means a 
new proposal to be reviewed per year, which must not only 
reflect new llndlngs per year but a new project per year. 
The result may be that science Is being done on a short 
project one-par-year basis. Longer, perhaps more funda- 
mental, and thus more vaguely proposed research projects 
do nol fit Into the system loo well. NSF-funded projects ol 5 
years or more duration are almost unheard of today. 

It is clear, however, the shorter time of a project benefits 
from more rapid publication of the results, more critical re- 
sponse by the academic community, and a sharper com- 
petitive edge. The competitive spirit today fn research Is 
such that If an Investigator were to take 5 years to publish 
results of his research, often someone else would have 
been first. The high level of excellence of scientific re- 
search In the United Slates haa resulted In part from the 
competitive process that, In turn, Is fostered by the NSF 
peer review process .— PMB ffl 


AG II Members Receive Fulbrights 


Five AGU members were granted senior Fulbright 
awards lor university teaching and advanced research 
abroad for 19B1-1982, according to (he U.S. International 
Communications Agency and the Board of Foreign Scholar- 
ships. 

Yvonne Herman-Rosenberg, associate professor of geol- 
ogy al the Washington Slate University in Pullman, will re- 
search Black Sea Quaternary bentholc foramlnlfera as indi- 
cators of sea-level fluctuations. The research will be con- 
ducted at the University oi Bucharest in Romania from May 
through July, 1982. 

George V. Keller, professor of geophysics and head of 
department at Ihe Colorado School of Mines, Is lecturing at 
ihe Moscow State University on exploration lor geothermal 
energy. His 3-month stay in Moscow concludes this month. 

Robert D. Lawrence, associate professor of geology at 
Ihe Oregon Slate University In Corvallis, will lecture lor the 
entire academic year at the University of Peshawar In Paki- 
stan on structural geology. 

Walter H. Munk, professor of oceanography at the 
Scrlpps Institution of Oceanography, will research ocean 
mapping by remote acoustic sensing tor the entire academ- 
ic year at the University of Cambridge In the United King- 
dom. 

Carl Wunsch, an oceanographer at the Massachusetts 
Institute of Technology, also will be at the University of 
Cambridge tor the entire academic year. He will research 
Ihe application of Inverse methods, acoustic tomography, 
and satellite altimetry to Ihe problem of determining ocean 
circulation through global measurement systems, ffi 


Now Planet Missions May Be Halted 


A December 2 report In the Washington Post states that 
George Keyworth, science advisor to President Reagan, 
has 'recommended halting all new planetary space mis- 
sions for at least the next decade— an Idea he said the 
White House seems to be buying/ 

A spokesman tn the Office of Science and Technology 
Policy (OSTP) told Eos lhat In keeping with this, astrophys- 
ics and astronomy, not planetary missions, would be em- 
phasized In the fiscal 1983 budget. The OSTP spokesman 
was unsure whal Keyworth meant by 'an idea the White 
House seems to be buying/ There has been other talk that 
budget cuts would Jeopardize space exploration (Eos, Octo- 
ber 20, p. 705). 

Keyworth also has proposed the establishment of a new 


r 


The June Bacon-Bercey 
Scholarship in Atmospheric 
Sciences for Women 
1982-1983 


Expressly for women Intending to make a career 
In the atmospheric sciences. This monetary as- 
slstance provided through a gift from June 
Bacon-Bercey, a noted meteorologist, will be 
given to a woman who shows academic 
achievement and promise. To qualify candidates 
must be one of the following: 


• a first-year graduate student in an advance de- 
gree program in atmospheric sciences; 


■ an undergraduate In a bachelor's degree pro- 
gram In atmospheric sciences who has been ac- 
cepted for graduate study; 


• a student at a 2-year institution offering at least 
6 semester hours of atmospheric sciences, who 
has been accepted for a bachelor's degree pro- 
gram and who has completed all of ihe courses In 
atmospheric science offered at the 2-year Institu- 
tion. 


For application forms contact: 

American Geophysical Union 

Member Programs Division 
2000 Florida Ave., N.W. 
Washington, D.C. 20009 


462-6903 

800-424-2488 outside’the Washington. D.C. area 


Awardee selection will be made by the AGU Sub- 
committee on Women in Geophysics, In consultation 
with the AGU Meteorology Section. 


Application Deadline, May 1, 1982 


science advisory board al the White House. President Rea- 
gan has received the proposal, which calls for a 15 -mem< 
ber panel similar to the President's Science Advisory Com- 
mittee that was abolished by President Nixon in 1973. Rea- 
gan had not approved the proposal at deadline— BTR $ 


Geophysicists 


Robert L. Bates Is the 1981 recipient ol Ihe Association 
of Earth Science Editors' Award for Outstanding Editorial or 
Publishing Contributions. Bates, formerly a professor of go- 
ofogy at The Ohio Slate University, is well known for 'The 
Geologic Column,’ a regular feature In Geollmes.Pmv& 
recipients of the award are Brian J. Skinner. Philip H- Abel ' 
son. Marie Slegrist, and Edwin B. Eckel. 

Philip S. Justus was promoted to section leader oi the 
high-level radioactive waste repository section of the u.a. 
Nuclear Regulatory Commission In Silver Spring, mo. a ■ 
tore joining the Division of Waste Management, he was 
with the Geosciences Branch siting nuclear reactors. 

John Rodgers, Sllllman Professor of Geology at Yale 
University, was awarded the Geological Society of Amer- 
ca’B Penrose Medal for 1981 . He was cited for his innow 
live Ideas concerning Appalachian geology-’ Rodger 3 is 
AGU Fellow. . , 

George H. Sutton, formerly professor of geophysics*" 
associate director ol the Hawaii Institute of Geophysics 
Ihe University of Hawaii, has been appointed vice pres 
of Rondoul Associates, Inc., In Stone Ridge, N.Y. 

Donald L Turcotle, president-elect of AGU’s Tecio 
physics Section, has been awarded the 1981 Arthur ' ^ 
Medal of the Geological Society of America. The pro 
and chairman of the Cornell University Department J 
logical Sciences was cited for 'distinguished applies* 
chemistry and physics to geology/ 


Richard M. Pearl, 68, died recently. A member of lh 
Volcanology, Geochemistry, and Petrology Section, 
longed to AGU from 1953 to 1959 and from 1973 uni 
death. 


8 ? i Mr ™ rphol °sy are often handicapped by 
their unfamlllarlty wlih the concepts of mechanics or hy- 

?® u!lca ’ on ar ® based much oi our understanding of 
ihe processes that explain Ihe nature of landforms. The 
second and third chapters of the book attempt to tackle this 
problem by discussing Ihe concepts of energy, force, resist- 
ance, and he nature of lluld motion. This Is not an easy 
I® 8 **®* ampurt of material has to be covered with- 
fa? basic definition of ma8Si veloo , " 

rhfnnfi n«i $£ mp Ca,sd and emp,rIc concepts Of open 
channel flow. The results, unfortunately, are uneven and 

W'’ ro " 1 ® ucc,nc J an d rigorous presentation lo brief, ron- 

Blmp,,8llc summaries. For exam- 
p e, the utility, at the advanced undergraduate level ol a 

iia ?™9 ne,i8m lhat lakes only louTInd l half 
I nas Is, si baat. debatable. On (he other handlhe b 0 nnd»„ 
tayerconcepl as presented In chapter 3 

8 W e J bel1 ,n fl somewhat generalized format • 1 .• 
Following the&e two prerequisite chaDtera nAiwSf » 
dltional arrangement of geombrphlc procbssS^fc ^ 0 . ?' 
With; a new Insight and * 


next two ehaplera on weathering and - 

•• :• ' • : ' •" V : : Vfej/ v ; ' -V 


elude an overwhelming volume of Information, J* JJ ?) n . 
collected from various case studies, often summa A 
tables and highlighted by diagrams. These two. ^ 
sequent chapter on lluvlal processes, are by tar t 
ones In the book. The discussion on fluvial *#■ 
centrates on river basin hydrology, the dynamics • ^ 
ment transport, and erosion and deposition po IP ijjij 
channels and oh hill slopes. The presentation,, 6 
cult topics, Is usually lucid, but the Impresslon pa ^^ 
that of unbalanced cpvarage^Even the authpr ^ Jp 
have noticed this when on page 258 he attribute 
of q- proper discussion of floodplain developm 0 ™ . t 

age of space, presumably the shortage of S P^ WV, 
led to occasional terseness’ In presentation, 

, easily confuse a r^adjar/for example, the djspus » jg 
. the sequence of channel jbedform. In P° np d p ^ a(n ivhra( 
after {Simons ‘ 

by someone hitfiertd.j.Un/amlilar with g# 

may Cqnpeive'w °f Einstin# 

: 0 ,(ry that; et T a-sM^-Sqnge In width Is 
;;The:rerhaihih^ ffiatSlin.eubsurfece, .g ^ ® v n ,-#• aft 

l !^>,.sncf;tbarin|fi^ceiabs are briefer,- relatively r. ,» 


Uous In their presentation, and in certain cases, not well 
structured or written. 

The question that remains unresolved Is that of reader- 
ship. Process In Geomorphology Includes an Impressive 
amount of Information, but the quality and slyle remain un- 
even, especially between chapters written by different au- 
thors. Furthermore, it (s by no means an easy book to read. 
Such attributes as an extensive bibliography ol over 30 
pages, a considerable portion ol which comes from Euro- 
pean studies; the summarizing of many case studies fn the 
lext; the large number of tables lhat carry useful numerical 
Information, often in comparative form; and the wealth of di- 
agrams and superb photographs make It attractive to a 
teacher. One can envisage a university Instructor Incorpo- 
rating a table or a diagram In his lecture, but he probably 
would not recommend this book as a text to his students. 
Apart from the difficult text and lack of rigor In presentation 
of mathematical formulae, the book does not stress’the fact 
that our knowledge of geomorphologlc processes is, to a 
great extent, based on empirical data collected In the field. 
There Is a frequent disparity between the level at which 
one collects data and the level at which one's expectations 
rise at the sight of an equation. This Is a factor one has to 
constantly keep In mind while trying to explain landforms 
through our limited understanding of geomorphologlc pro- 
cesses. 

11 is possible, however, that the shortcomings of this 
book, i.e., the terse and often unrigorous presentation and 
the fluctuating expectations about the scholarship and abili- 
ty ol the reader, are Inherent In the pursuit ol the goal of 
providing a detailed and comprehensive text that deals with 
ell Ihe major geomorphologlc processes within about 400 
pages. This raises two important questions about the 
leaching of geomorphology: Is It possible, for example, to 
provide a student with the necessary exposure to the na- 
ture of open channel flow in an early chapter in a textbook 
In geomorphology at this level, or should the student spend 
more time and effort with a normal textbook, (Ike the one by 
Henderson? Second, given the recent advances In the sub- 
ject, Is it possible to produce a comprehensive, readable 
text that covers all the different geomorphologlc processes 
and yet still keep the book within manageable proportions? 
the success ol Process in Geomorphology may very well 
be in making us more aware of the wealth of process-ori- 
ented studies in the last few years and also of the short- 
comings In the education of student geomorphologists, but 
it Is only partially successful in satisfying the need for a de- 
tailed and comprehensive process-oriented text in geomor- 
phology. 


Avf/'lf Gupfa is with fhe Department of Geography at the 
Naibnal University ol Singapore. 


Environmental Quality and Residuals 
Management 

A.V. Kneese and B. T, Bower, The Johns Hopkins Univer- 
sity Press. Baltimore, xlv + 337 pp., 1979, $25.00. 


Reviewed by Robert Nelson 


are 


For almost 30 years now Resources for fhe Future (RFF) 
has been the leading research institute for natural resource 
Policies. In this book, Allan Kneese and Blair Bower give an 
overview of the results of an environmental program begun 
at RFF in 1965. 

RFF adopted an economic approach to environmental 
problems. From this perspective, pollution results from a 
market failure In that polluters do not have lo pay for the 
damages from pollution— the 'external costs'— they Impose 
on others. In essence the environment becomes a public 
commons In which there Is no reason for polluters to exer- 
c, ' !e restraint. If this much is accepted, the solution Is to re- 
julre that pollution costs be Internalized, either by a pollu- 
F° n tax or by requiring polluters to purchase pollution rights 
J a market. RFF has mainly put Its eggs In the pollution tax 
baskei. Over the paBl decade, Its studies have contributed 
cpificantly to making the tax approach widely known and 
fsspectable. 

Another Important contribution of the RFF program has 
" 8en ,0 emphasize that there are many ways of achieving 
rJJJ- efficiency In reducing pollution. Redesigning the basic 
Product, employing different production Inputs, revising the 
"tonutacturing process, or other Innovative approaches 
well be the most efficient. For example, simply by 
"jjnglng from white to darker, unbleached paper, liquid 
Wants may be reduced by 85% to 90% In paper produc- 
i The RFF snvlronmental program undertook specific . 
JJJ® 8 °f pulp and paper, petroleum refining, steel, 
^motive steel scrap, and coal-electric Industries to dem- 
a 310 how a wide range of alternatives usually exist. 
J'Wher main theme of the RFF studies Is the need to 
“joflniza foe Interrelationships among different types of 
paiwtfon. Scrubbers, for example, limit air emissions but at 
»i time create a solids problem In disposing of . 
u.3 0- Existing regulatory policies too often address alr^ 
hX™? solids problems Individually. The complexity of • 
oi J? . on Problem Is shown In the development by R FF 
stuii-scale model for the Lower Delaware Valley region, 
me last pari of the book addresses the. overall costs o.l , 
lojJ., Hrosnagement. National expenditures In the early 
miS, 8 0 $50 10 ® 100 billion per year, are estimated, As :• 
as 25% 0 f increases In natlonanncome lq these 


foes® ? u,ci be roquired for this purpose. The magnitude of 
inn m 8) f pend ff u ros emphasizes the Importance of achlev-, 
the2j um ^.effectiveness and also Inevitably, raises . 
costs 68 0n how the benefits’ received -compare with the 


of the RFF environmental .program .have.: V; 
major wntributlort fn the environmental field. Yet lle ; 


the practical Influence ol the RFF sludies. In fact it offers 
only passing mention ol actual government regulations and 
^realworid formulation oi environmental policies. 

The RFF program developed many of its arguments 
through some elaborate models. This may have been a 
mistake. Although RFF modeled several industries, the 
models were not sufficiently complete that they could be 
used to represenl the actual circumstances of the indus- 
tries. Their purpose was considered to be 'illustrative' of 
pollution reduction alternatives. The model is. In effect an 
expository device. 

An alternative method of exposition would have been lo 
examine recent environmental legislation and agency ad- 
ministration and show a number of actual Instances ol inef- 
llcient pollution controls. By using concrete examples from 
actual experiences, government policy makers might have 
been forced lo take greater notice. RFF might have been 
pushed Into some major political controversies, might have 
appeared less scientifically neutral, and been exposed to 
more criticism, but that may be a necessary price for reach- 
ing a bigger and more influential audience. 

RFF clearly recognized that political considerations often 
played a dominant role In determining environmental poli- 
cies. It even undertook a major study ol the politics of pol- 
lution control. But this study is probably the least satisfac- 
tory part of Ihe RFF program. A high technical sophistica- 
tion and substantial modeling effort went into reaching 
rather obvious conclusions, such as that there exist impor- 
tant 'opportunities for vole trading.' 

In examining pollution control problems In the Lower Del- 
aware Valley region, RFF's model once again proves to bo 
merely Illustrative. As a pedagogical device, large models 
are expensive and time consuming and have the lurther 
drawback lhat for most of the audience they require placing 
great trust In the model builder, in a somewhat skeptical 
age, policy makers prefer, if possible, to keep things simple 
enough that they can judge for themselves. 

Until not so long ago, separate Helds ol economics and 
politics did not exist — only a single field of political econo- 
my. The RFF program of environmental studies probably 
would have benefited from a much greater dose of political 
economy. This would have included paying much greater 
attention to institutional questions. The real key to improved 
environmental policies lies in devising solutions that exist- 
ing institutions will accept. Compared to these problems, 
developing better technical models is a (ess challenging 
task. 


Robert Nelson Is with the Office ol Policy Analysis ol the 
U.S. Department of the Interior in Washington. D.C. 


Earthlike Planets; Surfaces of 
Mercury, Venus, Earth, Moon, and 
Mars 

Bruce Murray, Michael C. Matin, and Ronald Greeley. 
W. H. Freeman and Company, San Francisco. $24.95 
hardbound, $14.95 paperback. 


Reviewed by Harold Masursky 


A quotation from the prelace of the book sums up the au- 
thors’ purpose In writing it: 


Traditional explanations of the nature and history of 
Earth and Ihe other rocky, Earthlike planets of the in- 
ner Solar System— Moon, Mars. Venus, and Mercuiy— 
are crumbling under the Impact of close-up and direct 
observations of actual surface phenomena. New in- 
sights are developing that link Earth, Including the very 
atoms that compose Its sentient beings, with the origin 
and evolution of those other four planets ol the Inner 

Solar System The book should be suitable as a 

supplementary text In college geology and astronomy 
courses and also of use In specialized courses cover- 
ing topics In physical geology, geomorphology, plane- 
tary astronomy, volcanology, and planetary science. 


•VSfia ho IVUIIV/I I 111 II 1(7' Wl IVHVI 1' 1 •• 

ttarciKi p 5 hapB ' HacJ a belter reception . atp 5 n ? • 
enWinniE? ?c NI®rs than they, have, had. Imppct ongo^ 
n P°"«-ies. unfortunatoly.vthb tooK doM not consider. 


In this text the authors discuss at length the comparative 
planetology of the terrestrial planets; that ie. they describe 
and analyze Ihe several planets that have been explored to 
date. Discussions of the moon, Mercury. Mars, and Venus 
are grouped under several headings: the global view; modi- 
fications by external processes (Including Impact, wind, wa- 
ter and gravity effects); renewal by internal processes. In- 
cluding volcanlsm and tectonlsm; lenglhy discussions are 
alven for the moon; Mercury, and Mars, and In a final chap- 
ter on'comparatlve planetology a short section Is Included 
on fhe moons of Jupiter. The book Is Illustrated by many 
photographs; some diagrams that show lunar cross mc- 
Sons, chemical groupings and ages of rocks; and a few cof- 
ored Illustrations of Ihe surfaces of Mars and the Galilean 

8B S B book provides more thorough discussion of Ite sub- 
lent matter than doea Elbert King's Space Gaotogyor J- E. 
Guest's atlas, Planetary Geology. \ Tdoea i 
much comprehensive detail as Is found In T. Mulchs Geol- 
/ini/ nf the Moon or Geology of Mars, nor does It have Ihe 
: qtoss, the abundant Icft^oolor Illustrations, or the creative 
authenticity provided by the^lsntlsl-authors o a newly. 

; Shed book, The So/ar Systam, edited by J. K. Beatty 
;Snd others. Th 0 discussion on Mercurian aslronomtea as- 
■ S particles and field studies, and cratering Is nicely 
ff-fhawlnd discussion Is well done also. Perhaps Mur- 
^.^’inunivamerit with Mercury and Greeley s with wind ex- . 

: P Th 8r ?i S conslderaBle dlBCUsalon of volcanlsm on Mercu:; 
ihare Is no ovarl evldahca), ol mare basalts on . 
taotonfom arid volcanlsm on Mara, where, 

■ SmS bmora varied. The lava plains of Mars as well; 
tne.rscofu w j , . orc , /vwnmri. An account of si-. 
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Gcodynamlcs Series 4 

Anelasticity 
in the 
Earth 



F.D. Stacey, M.S. Paterson, 
A, Nicholas editors 


Current progress in Ihe study of attenuation and 
creep Is emphasized hi this volume 


Explored here is the possibility ol applying linear 
viscoelastic theory to seismic wave propagation 
Present-day opinion on deformation of tire mantle 
is scrutinized and the possibility that crystal disloca- 
tions may he responsible for both the plasticity and 
anelasticity ol ihe mantle Is discussed 


An Important basis for further study, this book aides 
the scientist and student to keep abreast of topical 
research. 


illustrated *128 pages • $15.00 
• 20% Member discount 


Orders under $fil> must hi* prepaid •«— 


American Geophysical Union 

ZIKill Florida Avr „ N W 
W.v.lrin,jhrtv DC. itHKW 
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that silicic volcanlsm on ti\o earth is usually a by-product of 
plate tectonics Howevor (ho highly feldspaihic char, -icier of 
the moon's early crust indicates to some investigators (fiat 
other fundamental processes, such ns "magma oceans/ 
may have generated highly (eldspathtc rocks on tho moon 
This subject is causing much fermont— witness Anderson s 
recent announcement of possible early magma oceans on 
the earth arso. II uncertainties such as this had peer* better 
delineated, they would have made the reader more excited 
about these fundamental problems 

Conversely, the discussion of Martian channels is not 
sharply drawn. It seems to me lhat the authors suggest that 
there are various vaguely formed liypolheses for channel 
formation, none of which fits very well. Present hypotheses 
for channel formation by water, wind, ice, or tectonics have 
been delineated in considerable detail. U would be better to 
pose this question more clearly and perhaps suggest how 
the answer could be obtained by future investigations or 
additional space flights. For example, if channelling epi- 
sodes could be dated, it might indicate whether both Earth 
and Mars glacial and interglacial epochs are due to varia- 
tions in solar output, variations in orbital elemenls. or the 
heal engine of each body. Here again I missed the chal- 
lenge Inherent in this active frontier. 

In many sections this book does not present the wide 
range of alternative hypotheses that are now being dis- 
cussed. The reader is thus deprived of an awareness of the 
controversy inherent in present-day space exploration. 

Many subjects are still only tentatively explained, and many 
critical observations are yet to be made. The discussions 
could ba expanded profitably to convey both the present 
sense of excitement of discovery and Ihe rapid progress 
that is presently in full flower. 

The book is small but reasonably priced. At present there 
is no other comparable alternative text available lhal pre- 
sents as comprehensive a view ol the interrelations of the 
solid planets. Inclusion of new data avaifable from the Ve- 
nus Pioneer spacecraft and from multifaceted views of the 
highly varied satellites of Jupiter and Saturn would provide 
a more broadly based text, which is urgently needed. 


Harold Masursky is with the U.S. Geological Survey in 
Flagstaff. Arizona. 


Chemical Equilibria in Soils 

W. L. Lindsay, John Wiley, New York, xix + 449 pp., 1 979. 


Reviewed by D. Kirk Nordstrom 


Lindsay's objective 'is lo bridge the gap between soil sci- 
ence and chemistry and to show lhat most reactions taking 
place In soils can be understood end predicted from basic 
chemical relationships/ To achieve this objective ha has 
written a book that simply describes Ihe construction of 
nearly 100 mineral solubility diagrams and several aqueous 
distribution diagrams whose relevance to real : soils ia left as 
an exercise for the reader (both literally and figuratively). If 
you are looking .for anything else that might fall under this 
title then you won’t flnd.lt- Adsorption, colloidal processes. 
Ion exchange, and other surface effects are nol considered. 

Following two introductory chapters on aqueous chemical 
equilibria, each chapter Is assigned to an element or con- 
stituent type, such as aluminosilicate minerals (chap. 5), 
carbonate equilibria (chap:. 6), phosphates (chap. 12), che- 
late equilibria (chap- 16); and organic transformations : . ; 
(chap. 23). The other element chapters are all organized in 
a similar fashion: solubility ol oxides and hydroxides, pill- : 
cate solubility, hydrolysis, complexes and redox for alumi- 
num (chap. 3 ); silica (chap: 4); calcium (chap.:?); magne- /. 
alum (chap. 8); sodium and potassium (chap. 9]; Iran/:. ; - 
(chap. 10); manganese (chap. 1.1); zinc (chap. 1 3); copper 
(chap. W, nitrogen (chap. 16); sulfur (chap. 17); rjWei 1 • 
(chap; 18); cadmium [chap.' 19); lepd (chap'. 20); merquiy V 
(chap; 21); and molybdenum (chapi 22). : . . ; r ?•; • 
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Although this book's central theme is the diagrammatic 
representation of soil mineral solubilities, the classical use 
of solubility as the sum of aft species is never represented. 
For example, the well-known parabolic pH -dependent curve 
for gibbslte solubility never appears. Instead, gibbsile solu- 
bility is shown as a linear pH function in terms of free alu- 
minum ion only. This simplified approach is consistently 
used throughout the book. 

The old and useless concept of rH (circa 1923) has been 
bom again in a single-term expression called pa -t- pH by 
Lindsay to define the redox state of soil systems. This 
expression assumes that only one hydrogen Ion is slotchio- 
metrically associated with one electron per redox reaction, 
and any additional hydrogens are Independent acid-base 
reactions. There Is no demonstrable basis for this arbitrary 
rearrangement of the Nernst equation, and it leads to the 
confusing situation of treating pH as both a constant and a 
variable In the same reaction. This occurs Fn the chapter on 
sulfur, for example. It Is unfortunate that pe h pH has been 


developed as a main feature of the book, since it Is neither 

new nor useful. „ .. 

The solubility, redox, and distribution diagrams are an 
based on a very extensive tabulation of thermodynamic 
data compiled by M. Sadlq and W. Lindsay. This carefully 
compiled reference Is a valuable asset of the book except 
lor several errors occurring in it, such as (1) some f re e-en- 
ergy values for neulral aqueous species turn oul to be the 
values for the fully dissociated solute rather than the Ion 
pair, triplet, etc.; (2) goethlle is taken to be more stable 
than hematite, contrary to both field observation and reli- 
able solubility studies; (3) several inorganic compounds 
that are not known to occur as minerals and have no 
known importance in soli chemistry are Included In the sol- 
ubility diagrams; and (4) the thermodynamic values are not 
critically selected or fully evaluated for several systems of 
interest to this reviewer. Nevertheless, the thermodynamic 
data are up to dale (as of April 1978), extensive, and fully 
documented. 


The strength of this book Is the straightforward derivatin 
of solubility diagrams from thermochemical data, and as 
such it would be useful as a teaching reference. The weak 
ness of the book Is the lack of real world applications and 
relevance. Students, for example, might be led to believe 
that minerals such aa fayaiite, wustite, forsterlte, anorihlte 
and enstatlte might be realistic solubility controls on soli ’ 
water chemistry. Also the full complexity of heterogeneous 
soil systems with multiple simultaneous equilibria Is nol 
presented, and the effects of surface chemistry are absent 
As a course textbook St has many shortcomings; but as a 
reference for teachers and researchers who are investigat- 
ing mineral solubilities, It can be useful provided lhat the 
data base and the solubility diagrams are not accepted un- 
critically. 


D. Kirk Nordstrom Is with the Water Resources Division 
of the U.S. Geological Survey in Menlo Park, Calif. 
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POSITIONS AVAILABLE 


University ol Utahi Faouliy Positions. The 

Department of Gcotogy and Geophysics invites ap- 
p'-tcatiors (or (our tenure track positions si the as- 
sistant to associate professor level 

1J Econcm'c Geolog y The specific area ol ex- 
pertise isopen. however, preference will be 
g>ven to cand datea whose research inter- 
ests are m geological, geochemical, or pet- 
rolog cal characteristics of metallic mineral 
deposits 

21 Bttfiflwntiry geology Applicants should 
have research interest in modern or on- 
dent sedimentary basins 

3) Se-sruo’ogy Applicants with backgrounds 
and specFs'ltes in seismic reflection, seismic 
imaging or theoretical seismology will be 
given preference 

4) Polenta) fe.’ds. Geophysical with specialty 
in potential theory including gravity and 
magnetics (The dosing dale for this posi- 
tion is January 31, 1982) 

A Ph.D or equivalent is required. The vacancies 
are to be filled by September 1982; the closing 
dale for appttcations tor positions 1-3 is December 
31, 198 1. Applicants should submil a vita, tran- 
scnpis. a letter describing ttfsiher research teaching 
goals, and names ol live persons for reference (o 
William P. Nash, Chairman. Department of Geology 
and Geophysics, University of Utah, Salt Lake City, 
Utah S4t12. 

The University ol Utah is an equal opporfunlty/af- 
firmalive action employer. 


Faculty Position*. Two Faculty Positions In 
Geotogy. Tenure -track positrons In geology, assist- 
«nl professorships Ph.O preferred or equivalent 
experience. Fall m2 

Petfoto&at Mweraio&a t. Candidate must be 
«Me to teach introductory geology, mineralogy, pe- 
trology. geochemistry, and optical mineralogy, oe- 
trography. 

tmwtebrata Patoontologisl*$afl-Rock Geologist 
Candidate must be able to loach courses In inverte- 
brate paleontology, nucropatoontoiogy, sedimenta- 
tion. and historical geology. Additional expertise In 
receflt marine environment highly desirabfo 
Applicants are expected to do research in their 
areas of expert**, end to lead students flgto trips. 
Strong teaching and research commitments axpoct- 
ed Submit applications with resume and copres of 
transcripts, and have inrae tetters of recommenda- 
tions sent to the Chairperson. Department of Earth 
& Spaco Sciences, Indiana U owe i airy -Purdue um. 
varsity at Fort Wayne, Fon Wayne. Indiana 48805. 

rntfona Umvetsty-Purdue University Is an equal 
opportunity- affirmative acton employer. 


Research AeseelalerTHeorathral Physical 
Oceanography. App] -cal ions are invited for two 
postdoctoral research associate positions In tfw 
School of Oceanography. Oregon State University. 
Applicants will conduct research in theoretical mod* 
eNng and observational comparisons of ocean cir- 
culation. Ph D. fn maihematfc8 or the physical au- ’ 
enow. Submit resume, brief « [element of reaaarch ■; 
interests and. three references lor Dr. Peam P. ; . 
Miter, School of Oceanography. Oregon Slate Uni- . 
varsity. CorvaMli Oregon 97331. Closing date px- 
render* to 30 January 1962- 
An Affirmative Acbon.EquaJ Opportunity Employer. 


Position* In Oceanography/VIMS. Tha 

Virginia Institute of Marina Science (VIMS ('School 
ol Marine Science invites applications lor two slate 
funded, oceanography research and leaching posi- 
tions at (he levels of Sonior Marine Scientist. VIMS 
is a broad-bBsed marine oclonce establishment 
with a mission to provide sound and timely advice 
to executive agencies aid the legislature and to 
conduct incisive research programs. The School ol 
Marine Sctonco oilers M A. and Ph.D. programs 
wilh e faculty oi 66 and 139 graduate students. 

HEAD. DEPARTMENT OF GEOLOGICAL 
OCEANOGRAPHY (#113) 

Applicants aro sought with research interests In 
estaurlno sedimentary geochemistry, dynamics of 
cohesive sodimont transport, or estaurlne and 
coastal mcrphodynamfcs. For further information 
contact Or. Robert Byrne (VIMS). 804-842-2111 
(Ext. 173). 

ESTUARINE AND COASTAL HYDRODYNAM- 
ICS (Position #204} 

A physical oceanographer with a strong interesl 
in interdisciplinary approaches (a complex estuarine 
and continental shell problems is desired. For fur- 
ther fnlormaUon contact Or. Bruce Nellson (VIMS). 
804.842-6131 (Exl. 244) 

Candidates lor bolh positions should have estab- 
lished research credentials and be dedicated to fur- 
Ihoring Ihe research end educational programs of 
the Institute. Demonstrated ability to generate ex- 
tramural support is expected. Salary range >9 
$24,972 to 534. 1 07 and faculty rank Is commensu- 
rate with qualifications. 

Applicants should send a comprehensive curricu- 
lum vita, reprints, and at least three letters ol rec- 
ommendation by February I, 1982. Btating specific 
position of interest, to. Employment Manager. Per- 
sonnel Office, College of Wm & Mary, Williams- 
burg, VA 23185. 

An equal opportunity-affirmative action employer. 


Physical Oceanographer. Royal Roads Mili- 
tary College expects to have a tenure track vacan- 
cy in Department ol Physics effective 1 July 1982. 
Candidates should hold doctorate or near doctorate 
in physical oceanography preferably wllh experi- 
ence in digital hardware and microcomputer appli- 
cations. Appointment expected to be made at as- 
sistant professor level but salary and rank depen- 
dent on qualifications and experience. Relocation 
expenses can be provided. Dulles Include under- 
graduate teaching in phyafcs and physical ocean- 
ography. and research in marine science. Applica- 
tion a should include complete dossier and names 
ol three references and be sent to: Dr. E.8. 
Graham, Principal, Royal Roads Military Cottage, 
FMO Victoria. B.C. VOS I BO. 

This competition Is open to both men and wom- 
en. Knowledge ol English only is required. Only Ca- 
nadian citizens or Landed Immlgranta need apply. 

Towle information relative A ce concouts eat dis- 
ponible so frangais et peut fllre obtenue en dcrivent 
A Dr. Graham. 


POSTDOCTORAL 
POSITION 
IN MARINE 
CHEMISTRY 


Wood* Hole Oceanographic Institu- 
tion Invites applications for tho 
position of Postdoctoral Investiga- 
tor. This position la being offered for 
bnelc research on the chemistry of 
the particle flux in tho ocean and on 
the chemistry of ■odlTneut-Bonwator 
Interactions, with parlioulnr ompha- 
sre on. the transport of trace motalB 
and radionuclide*. Preference will 
bo given to applicants with training 
In rndloehomlstry, trace-clement 
analysis, surface chemistry, or geo- 
chemical modeling. Send resume and 
nnmcft of three rofiorences tot 
Personnel Manager 
Box 64P 


WOODS HOLE 
OCEANOGRAPHIC 
INSTITUTION 


STS 


Wqod* Hqle, HAQ254S 

An equal opportunity •aplayer M/F/H 1 


Planetary Scientist. SUNY Stony Brook, The 
Department ol Earth & Space Sciences, anticipates 
lhal a tenure track faculty position may become 
available for a PhD Planetary Sciential. Planetary 
Science within this department spans the range of 
planetary atmospheres, coamochemlslry. and plan- 
etary geophysics. The candidate should have a 
demonstrated record ol accomplishment. The ap- 
pointee is oxpected to pursue an active research 
effort and will be responsible for teaching courses 
at the undergraduate and graduate level. 

Send vitae and names of 3 references to: Dr. 
Roger Knacke, Dept, of Earth & Space Sciences. 
SUNY Stony Brook, Slony Brook. NY 11784. 

SUNY Slony Brook te an EO/AA employer. AK 
#220 A. 


Surflelal Qeology/Oround Water. Utah 
State University. Tenure track position starting 
spring quarter of 1882 or fall quarter of 1882. Ph.D. 
required Rank and salary negotiable. SuHiclal ge- 
ology with emphfl8l9 on geologic field studies and 
ground water with attention to bolh geologic and 
geohydrofogic aspects. Emphasis on the arid West. 
Closing date November 30. 1981. USU <e en affir- 
mative action equal opportunity employer. Depart- 
ment of Geology (07), Utah State University, Lo- 
gan. Utah 84322. 


Oceanographic Modeler. Ocean Date Sys- 
tems, lac. (e seeking an applications oriented scien- 
tist to develop'adspl wave, HN and oil spill models 
for application In (he Middle East on large CYBER 
computers. Position Is In Monterey. Experience In 
commercial applications of varied oceanographic 
modeled output would be advantageous. Salary 
commensurate w/lh ability and experience. Liberal 
benefits. Send resume to Mr. C. R. Ward. Ocean 
Data Systems, Inc.. 2400 Garden Road. Montarev 
CA 93940. 


Iowa State University of Solano* and 
TeohnologyfDeparlmant ol Barth Scl- 
•noe*. 

Applications are Invited lor two tenure track facul- 
ty Positions Tha rank lor each la st Ihe assistant or 
associate professor level, dependent upon quatlfl- 
callons. The successful applicants will be expected 
to develop strong research and graduate student 
programs. Teaching duties will Include undergradu- 
ate and graduate courses In the areas of expertise. 

Mineral Reaourcea/Economic Geology: One posi- 
tion Is In mineral reaourceatecanomlc geology. An 
applied field ortentallon Is preferred. Iowa Stale has 
established a Mining and Mineral Resources Re- 
search Institute and an Interdepartmental minor In 
Mineral Resources In order to support end develop 
research and education In this area. In addition to 
the appointment In the Department of Earth Sci- 
ences there wfll be full opportunities to interact with 
these programs. 

Geomorphotogy; The second position Is In (he 
general field of geomorphotogy. Additional exper- 
tise In an area related to geomorphotogy, such as 
groundwater, engineering geology or remote sene- 
Ing is atao desired. A parson with an applied field 
orientation is being soughL 

Each appointment will be on an academic year 
basis. Opportunities are available for summer 
teaching appointments. Salaries will be commensu- 
rate wilh qualifications. Application deadlines for 
both positions are February 16. 1982; later applies- 
I ons wW be accepted If a position Is not filled. Poaf- 
V 5 0lh 0U ™ ntt V waSabte and are expected 
to be filled no later than fall, 1882. For application 
Information please write to: 

Bart E. Nordlle 

Deportment of Earth Sctencaa 
253 Science I 
kwa State University 
Ames, Iowa 60011 

" wal 


South Oakota School ol Mlnoo and Teoh- 

AppticsUons are Invited for (wo positions 
In (he Department ol Geological Enalneerim Rnih 

tevelB, thesis direction and development of re- 
search. 

OeojoglcBl Engineering: specialty In rock or 
soif mechanics, site evaluation, geohydrology □©- 
IrotaunVreasrvoIr engineering or mglneering 
JJ? {PL ^ Wal 48^»n experience halpfol. a • 

' ° *"0 ,n08rln B to preferred. 

ha® so undergraduate enreH- 1 : 
Sflrsddateenrqlfmertt of 

, . ,. wring. J . .. 

JM.lM “ft*** ■ 

'i it fe “h'swsl opftofiunlifdrrtotovsr, 


Ooaanographer. GS-1360-12, Salary $28,24 5- 
$36,723. The Remote Sensing Branch of the Naval 
Ocean Research and Development Activity 
(NORDA) Is seeking qualified applicants for (he po- 
sition of Oceanographer. Dulles Include: Serving as 
principal Investigator lor planning and organizing 
basic and applied scientific Investigations of radio 
probing of the ocean surface, and Interpreting ihe 
results of these Investigations In terms of oceano- 
graphic parameters. Specific areas of investigation 
will Include the detection and analysis ot ocean 
fronts and eddies through the use of satellite-borne 
altimeters. Responding to Announcement No. 81- 
039, send a current SF-171 no later than 21 De- 
cember 1881 to the Civilian Personnel Office (Code 
140A), Naval Ocean Research and Development 
Activity. NSTL Station, MS 39529 or call 601-888- 
4641 tor appropriate forms or additional informa- 
tion. 

An EEO Employer. 

U.S- Citizenship Required. 


Chemical Oossnography. Research Assist- 
ant Professor. Initial appointment tor one year with 
the possibility of extension or entry into tenure track 
position based on competitive search. Ph D. In 
chemical oceanography or related field required. 
Candidate with experience in ihe analyses of nutri- 
ent elements, metals and or radioactive nuclides In 
marine samples preierred. Successful candidate 
must initiate research program either independently 
or In cooperation wilh existing faculty members. 
Position available fall, 19B2. Salary commensurate 
with experience. The Oceanography Department 
offers programs leading (o Ihe M.S. and Ph.D. de- 
grees. Send resume and three letters ol recom- 
mendation by February 16. 1982 to Dr. George 
Wong, Department ol Oceanography, Old Dominion 
University, Norfolk, VA 23508 
An ARIrmeilve ActioniEqual Opportunity Employ- 
er. 


Cruotel Oeophyaloa/Teotonophyalcs or 
Sadlmentotogy. The Department ol Geology at 
the University of Kansas fa seeking applicants al 
(he assistant professor level lor a potential addition- 
al tenure track position that will begin In August 
1882 or January, 19B3. The appointment will he 
made in either crustal geophysics, lectonophystes, 
structural geology, or In aedlmentology. The eras In 
which (he appolnlment will be made will depend 
upon the qualifications ol the applicant and depart- 
mental needs. Duties Include leschng In our Intro- 
ductory, undergraduate major, and graduate 
courses; advising students; supervising graduate 
student theses and dissertations; conducting origi- 
nal research; and providing service through admin- 
istrative and professional activities. Applicants must 
have Ph.D. In hand or expect to complete It by ihs 
end ot the first year ot employment at the Universi- 
ty. Minimum salary al tha assistant professor level 
will be $23,000, II the position Is authorized 

Cnjstal Geophysics, Tectonophyalcs or Structure) 
Geology. We will consider applicants from sll Hetas 
of geophysics and structural geology who are Inter- 
ested in applying their expertise to understanding 
tha structure and evolution of the earth’s crust and 
who wilt complement the five existing geophysics 
faculty of the Department and Ihe Kansas Geologi- 
cal Survey. The successful applicant will be expect- 
ed to cooperate with current laculty In offering 
courses at the undergraduate and graduate level 
that cover geophysics, tectonics, or structural ge«- 

°ey. 

Sedlmwifofogy. We will consider applicants in 
any branch of sadlmentotogy, but those wilh inter- 
ests In studying carbonate rocks, dlagerteals and 
sedimentary geochemistry, or Ihe relationships d 
sedimentation and tectonics are preferred. The ap- 
plicant will be expected to cooperate with presen! 

. (acuity In oBerlng courses at the undergraduate and. 
graduate levete that cover all aspects of the study 
o( sedimentary rocks. 

Parsons who have responded to earlier advw- 
Haemants (his year (or sedlmentology and slruaudu 
geology need not re-apply, but will be automaficwr 
considered. In the event top candidates are about 
equally qualified, preference .will be given to spp»- 
canto whose areas of Interests will complemeni ; 
ihoae of the other laculty or who will participate n 
the department's summer Weld geology teaching . 
program. 

1 Priority will be given to applicants whoSO n 10 ®* 9 ‘ 
complete by February 1, 1 982 . Applicants should 
eend a tatter of application, a resume (Inouaing _ ^ 
publication llst), transorjpte of all college level wwn.. 
and names or three references to: 

. . Ernest e. Anglno ; ' . i'- ■ , 

• ' Department of .Geology - 1 ' 

- ' Urifyeralty of Kansas . -; ,.V 

LaVvfeiitw, Kansas 68045 . • • 

• , :. rri;,Phorie:j9l3) bb 4-377^ ' r- 

• • Tire. letter of .topljoatlon should Include a 8 _ I T njf - : 1 
' mental awfqntalia planned research Interests W* .. • 
•: of ctolj^ff^tjh.^ppllcdnt: feets c|ifalllte d ,tq 

* J ^/affirmative action ■fwpjff * 1 - 


An equated 


s AppllMV 


atffrpfp; b" wdflpj 

jllglon, color, sax,; disability. . 

MaiatlA ana nf - 
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H*i*arah Aasoclata/Thaoretlcal Physical 
Oceanography. Applications Invited tor two posf- 
(joctortl research associate posittona in Ihe School 
ot Oceanography, Oregon Slate University. Appli- 
cant win conduct research in theoretical modelling 
and observational comparisons of ocean clrcula- 
Kon Ph.D. in mathematics or the physical sciences. 
Submil resume, brief statement of research inter- 
ests and three relerencea by 1 January 1982 to 
Prof. Peam P. Nlller, School ot Oceanography. Or- 
egon State University. Corvallis. Oregon 97331 . 

An affirmative aclion'equal opportunity Bmployer. 

faculty PoaHloit/ASU. The Department o( 
Clwmtairy at Arizona State University Irwltea appll- 
artons tor a possible tenure track position al the 
assistant professor level in one ot the following ar- 
it) Synthetic Solid Stale Chemistry; (2) Sur- 
face Chemistry; and (3) Atmospheric or Low-Tem- 
pefaiure Geochemislry. Candidates should have 
Semonstralad In their Ph.D. and/or postdoctoral 
ffOTfc the ability to develop a vigorous and Innova- 
tive research program In one or more of the above 
areas and have a commitment to Instructional ex- 
oelancB- A resume, brief description ol research 
ivans, and three letters ot recommendation should 
ba sent to Professor William S. Glaunalnger, Chair- 
nun Search Commutes, Department of Chemistry, 
Arizona Stale University, Tempo, Arizona 85287. 
ED'AA employer. 

Structural Geologlst/Unlverslty of Wyo- 
ming. The University of Wyoming. Department of 
Oeotogy and Geophysics seeks applicants tor a 
tenure track appointment in structural geology ex- 
pected to be available beginning fall semester 19B2 
or settler. Duties will Include teaching of undergrad- 
uate and graduate courses In structural geology, 
supervising MS and PhD theses, and research In 
structural geology Appointment at assistant protes- 
tor level is preferred, but applicants requesting ap- 
pcWmeni al higher rank will be considered. Salary 
open. Applicants must have PhD degree and be 
Ytrwd in quantitative theory os well as field appli- 
cations or modern structural geology and regional 
Sdartcs. 

Applicants should provide, by January i, 1982, a 
Hums, three letters ot reference, and a letter ot 
jppticalfon Including a statement of current re- 
stsrch Interests and courses which the applicant 
feeta qualified to teach. Applications should be sent 
lo: 

Dr. Robert S. Houston/Head 
Department ot Geology and Geophysics 
University ot Wyoming 
Laramte. Wyoming 82071-3000. 

Tha University of Wyoming is an equal opportuni- 
ty affirmative action employer. 

Pilnoaton Unlvarafty/Watar Resources 
Program, Department of Civil Engineering. 

Dflpartmanl ot Civil Engineering invites applies- 
ions lor a tenure track, three-year appointment at 
Bit assistant prolessor rank beginning on or before 
September 1982. Responsibilities include graduate 
ml undergraduate teaching in hydrology and water 
Mources. and participation In research Into either 
tyrimloglcsl processes associated wilh infiltration 
udunsaturated flow or chemical processes end 
bansport In the unsaluraled zone. Candidate must 
tare Ph.D. degree with demonstrated teaching 
ability and scholarship. 

Submit resume and reterences to: 

Eric F. Wood, Director 
Water Resources Program 
Department ol Civil Engineering 
Princeton University 
Princeton, NJ 08544. 

Prewlon University la an afllrmatlva action/aquaj 
Wtttunlty employer. 

Jjytirqloflyi Tenure Track Position at Al* 
ditinl or Auoelata Professor Level. Can- 
Mate should be a specialist In some quantitative 
•JfKIol hydrology with demonstrated skills In for- 
rmtoirjfl hydrologic models, and a background In 
rowporl phsncmena, Academic or professional 
wemials at Ph.D. level required. Starting date 
"®9°table but could be as oarty as August 1982. 

sic., should be raoeivod by March 1, 
'^interested persons should request Job ds- 
^ Bon tom: Dr. E. S. Simpson, Chairman, 
jwrch Committee, Department ot Hydrology and 
T™ Rssources, University of Arizona, TucBon, 
Anzors 85721. 

^ Wortunlty/aflirmatlve action employer. 


L TT 0,1 MiryD P r0De Specialist. Applicants 
snould possess a working knowledge ol WDS and 
EDS spectrometers and accompanying computer 
and software programs and preferably have had 
experience In (ha Geological Sciences. 

TTjb primary duties of the position are lo oversee 
and maintain (with (he aid of service coniractsl the 
electron microprobe and ancillary equipment and lo 
asslBl In teaching graduate course laboratories 
tiealtog spBcillcally with electron microprabe analy- 
sis Salary will be up to $25.000'1 2 months. 

Applicant should send supporting dale and letters 
of recommendation to: 

Dr. E. L. Thurston 


Texas A&M University 
Biological Sciences Building 
College Station. Texas 77843 
Texas A&M Is an equal opportunlty-'afllimatiuB 
action employer. 


Struoturai Qeology/Unlvorilty of llllnol* at 
Champaign-Urbane. (Search reopened) Tha 
Geology Department la seeking a structural geolo- 
gist for a tenure-track (assistant professor) faculty 
position. A Ph.D. Is required. Salary open. The suc- 
cessful candidate will be expected to leach ad- 
vanced undergraduate end graduate courses in 
structural geology end establish a research pro- 
gram. For equal consideration, applications. Includ- 
ing the names of three referees, should be sent by 
February 1 , 1882 to Dr. D. E. Anderson, Depart- 
ment of Geology, University of Illinois. 245 Natural 
History Building, 1301 West Green Street, Urbane. 
IL, 81801-2999, (217) 333-6713. 

Position to bs filled by September 19. 1982. 

The University ot Illinois Is an affirmative action/ 
equal opportunity employer. 


Faoulty Position in Gaophyalce/Struetural 
Oeofogy/Engineerlng Geology, The Depart- 
ment of Geological Sciences at Case Western Re- 
serve University in Cleveland, Ohio Is seeking can- 
didates to till an anticipated laculty position In the 
broadly defined areas of geophysics struclural gaol- 
ogy/engineering geology. White field of specializa- 
tion is open. th8 successlul candidate will be 
charged with conducting ihe Department's teaching 
programs in geophysics at Ihe graduate and under- 
graduate levels, in addition to carrying out a vigor- 
ous research program. Ample opportunities exist 
for research collaboration both within Ihe Dopart- 
menl ot Geological Sciences and with laculty mem- 
bers in the School of Engineering. 

Ph.D. or equivalent fa required Please submit 
applications, consisting of tesume. nemos ol three 
references and a statement of research and teach- 
ing interests to: 

Samuel M. Savin 

Department of Geological Sciences 
Case Western Reserve University 
Cleveland. Ohio 44106. 

Case Western Reserve University >8 an equal op- 
portunity .affirmative action employer 


Seagoing Research Assistant In Physical 
Oceanography. Applications invited for sposltten 
In the School ol Oceanography. Oregon Slate Uni- 
versity B.S. In physics or engineering. Must have 
sea-going experience, needs some familiarity with 
computers and electronic instruments. Must be able 
to assume position by 15 February 1082. Appoin- 
tee will lake responsibility for deployment of a wa- 
ter-structure profiler on a cruise In May-Juna 1982: 
will take responsibility for preparation, calibrations, 
work el sea, and preparation of the data report 
Salary: $ 20 , 000 /yr or more depending on experi- 
ence. Submit application and names ot three refer- 
ences by 25 December 1981 to: Douglas fl. Cald- 
well, School ol Oceanography. Oregon State Uni- 
versity, Corvallis, OR 97331. 

An affirmative aetton/equat opportunity employer. 


itdootoral FallowshlplDopartmsrt ol 
umoaraphy, University of Britten Colum- 

, Available January 1 , 1982 lor stadias ol tha 
Brslogy and geochemistry of deep ocean ferro- 
tasnesa nodules and fhe relationships between 
ules end their associated sediments. 8alery 
,000. Send curriculum vitas . statement ol re- 
roh Interests and names of three referees to; 


Petrologlst-Eoonomlc Mlneraloglst Untver- 
ally al Oklahoma. Applications aro invited lor 
a tenura-irack position, effective September i . 1982 
al the assistant professor love), in potiotogy and 
economic mineralogy Tha successlul applicant is 
expected lo teach graduate courses in his-hor spe- 
cialty. lo help loach undergraduate coursers in min- 
Bralogy-optics-pQlragraphy. and to pursue an active 
research program Consulting and interacting with 
mining companies aro oncourogad 
The University ol Oklahoma has made a mnjor 
commitment to diversity ihe program m (ho School 
ol Geology & Geophysics. As a rosull five (onure- 
irack positions aro open lor (he tall of 1982 . Six 
now faculty were added lo tho School in Uia fan ol 
IBBi (bnnging ihe total full-lime faculty to 15). and 
an additional six positions will be available during 
1983-1985 A new building lhal will house the 
School is in the design Blags, and the successlul 
applicant will participate In equipping it 
The Ph.D. degree is required lor this position 
Preferenco will be given lo petrologista with a 
strong chemistry background and vmh a demon- 
strated internal in Ihs economic geology of metallic 
and non-metalllc mineral deposits Qualified appli- 
cants should arrange to send transcripts of all col- 
lege and university work, resume, statement of re- 
search interests, and three letters of reference to. 
Dr. Maryeilen Cameron. School ot Geology and 
Geophysics. University ot Oklahomo, Norman, 
Oklahoma. 73019. Deadline lor applications is De- 
cember 31, 1981. Faculty members from the 
School will be interviewing at tho November G S A 
meeting in Cincinnati, Ohio, and m tho Decombor 
A.G U. meeting In San Francisco. California 
The University ol Oklahoma doos not discrimi- 
nate on the basis ol raco. or sox. and is an equal 
opportunity employer 


Selsmologlst/Univarslty ol Utah. Search 
extended, the University of Utah is expanding its 
geophysics program In (ho Dopnrtiuont ol Goofoity 
and Geophysics by adding n tenure hack Utility 
membor >n seismology st tire assistant lo nssoi. into 
professor level Applicants with backgrounds an.i 
<pecioHies in seismic reflection, snismic imaging, 
and theoretical seismology will bo given pretororrco 
The Individual will bo expected lo teach unrlorgud- 
uate and graduate courses, and to pursue an ac Uvo 
research program with graduate students. Tire de- 
partment has modern tenchmg and resonrch pro- 
grams m geology nnd geophysics, and hjs closo 
associations with Iho numoncnl analysis anil rtala 
processing groups in computer science, itioclncal 
engineering and mnlhomatic? The goopriy3ice 
component of the department has strong research 
?nd teaching programs in seismology, electrical 
and electromagnetic methods, thermal proportion ol 
Ihe earth, and potential fields Current research in 
seismology includes wwwjiogicni and earthquake 
research utilizing a now POP 1 1 70 computer with 
plotter and terminals: monitoring ot tho inter moun- 
tain seismrc belt by a 55 station toiomolered net- 
work utilizing a new on-line PDP 1 1 34 computer 
major experiments m seismic roll action profiling in- 
vestigations ot seismic proportion from syntactic 
seismograms, application ol rnvots? theory to seis- 
mology. seismic properties of volcanic systems and 
allied research in tactonophysic s Tho closing date 
for applications Is December 31. 1981 A Ph O is 
required for this position Applicants should submit 
a vita, transcripts, a teller describing his her re- 
search and teaching goals, and names ol five per- 
sons for reference to William P. Nash. Chairman, 
Department ol Geology and Geophysics. University 
ol Utah, Sail Lake City. Utah 84112 
University d Utah is an equal opportunity 'atinma- 
Ifve action employer. 


Geophysical Fluid DynamlolsbPhyalcal 
Ooaanographar. Applications are solicited lor a 
junior laculty position In ocean physics or dynamics 
lo begin In tha academic year 1982-83 Areas ol 
interest to the Department include analytical, nu- 
merical and laboratory modeling ol physical proc- 
esses end phenomena In Ihe aea. 

Yale University is an aqua) opportunity affirmative 
action employer and encourages women and mem- 
bers of minority groups to compete for this position. 

Curriculum vitae, publications, and Ihe names of 
three or more referees should be sent by 31 De- 
cember 1981 to: Robert B Gordon. Chairman, De- 
partment 61 Geology and Geophysics, P.O. Box 
8686, New Haven, CT 06511. 


SERVICES 


EST SERVICES. Scientific Translations From 
Russian to English Specializing in Hydrology. Wa- 
ter Resources, and the Earth Sciences: pure re- 
search, onginaermg. construction, systems analy- 
sis. mathematical modeling Experienced, oxtenswe 
academic training. 16 years professional experi- 
ence as a goohydrotogist. Donald J. Pardons. 3219 
Carrario del Saguaro. Tucson, Ancona 85706 (602) 
743-0883. 

GEOTHERMAL DEPOSITS, ((you are financ- 
ing. planning, designing, exploring, drilling, or dig- 
ging in connection wilh any form of energy, you 
need this complete, up-to-date book aboul the 
world's geotoe rm a i-enargy deposits Includes pro- 
duction and reserves for areas and wolls. Hardcov- 
er. 6 ■: 9 inches, 292 pages Table ol contents, 
drawings, index, references. 1976. $84 Tntsch As- 
sociates, 120 Thunder Road. Sudbury. MA 01776 

STUDENT OPPORTUNITIES 

Graduate Aasearoh Aaelstantshlpa. Environ- 
montai science al the Oregon Graduate Center At- 
mospheric and aerosol physics research programs 
in theoretical modeling ot anthropogenic alfccfs on 
stratospheric ozone and a j obal temperature and m 
development and utilization ol real time Instrumen- 
tation (or sutlur and carbon aerosols. Degreo pro- 
gram provides for intensive research experience 
and maximum student-faculty interaction S7500 sti- 
pend with remission nl lees and tuition available to 
qunlifiod Ph D. slinlenta Wnlo: Or Douglas F. D.ir- 
otfiky, Oregon Graduate Cultfor, IQGGd N W Walk- 
er Road. Beaverton. Oregon 97008 


Exxon Teaching Fellowship al University 
of Mlohlgan-Qeologloal Sciences. Appiic.v 
In'ns nro invited for a llirno-yu.ir tallnw&hiji m trio 
PhD program. Supported by Iho Ex* on Education 
Foundation. Annual tliponds will bo St 2.000. 
$13,500. and $15,000 for tho first, second, and 
third years, respectively, wrtlt lull waivers (or tuition 
and foes Tho successlul applicant will ho a poison 
wt*n nt ton Inna of the award intends to pursuo a 
cotiege teaching career, is e*rronrely arlicuMte .irai 
has a dome rr strata y nigh quantitative and vart).i> 
aptitude, nnd isaUS oiifan parmnnunt resident 
Regular admission and financial support .w-pf'C.i- 
tions must bo ioco'voiI before robm-try 1 1 902 in 
bo considered An o*lonsivn background in geofoj 
iciii and cognate science'* is desirable Unsuccess- 
ful applicants for Iho E**on Fellowship are still < I .j- 
bio tor our regular financial support For lurinor cJu- 
tails contact R Van dor Voo. Chairman 
Department of Geu'ogical Scronces Unn.ors<ty ot 
Michigan. Ann Aibor 48109 


Qrsdualo Research A as talent ship* in 
Physical Oceanography. Oppar fin Mies 'or 
graduate study with Research AM'Vcmrc'up avail- 
able for students interested in MS or Ph D pro- 
grams A summer program with stipend is open to 
college |un.ors Write Doug' as C.Vdr veil Sci-col <■! 
Oceanography Oregon Slat* University. Corvallis 
OR97J3I 

Graduate Study In Oceanography Ocaano- 
graphlc Engineering. Research A as. slant- 
ships and research fellowships are available for 
graduate study in Physical and Chemical Oceanog- 
raphy. Oceanographic Engmeenng, and Marine Ge- 
ology and Gaophysfos leading to a Ph D or Sc D 
degree conferred jointly by me Woods Ho e Ocean- 
ographic Institution and (ha Massachusetts Institute 
ot Technology. The awards cover tuition and pro- 
vide an average monthly tanfree stipend ol $540 IP 
S59Q Research topics available to student refract 
toe interests o> (he more than 100 doctoral scien- 
tists and engineers at WHOt and the faculties of 
ten different departments al MlT 
The program encourages applications from stu- 
dents with an undergraduate degree in any of (he 
natural sciences or engineanng For additional in- 
formation please contact. The MIT WHOI Jo ; nt Pro- 
gram In Oceanography Oceanographic Engineering 
at either: The Education Office. The Woods Hole 
Oceanographic Institution. Woods Hole, MA 02543. 
or Room 54-91 1, The Massachusetts Institute of 
Technology. Cambridge, MA 02139 



Sponsors of 1981 New Members 


nB ? rea hundred and sixteen 
■'tombere were elected be- 
September 1 and Novem- 
bflro 5 ‘ 1981 , ^ 10 AGW mem- 

***£?"* them are 
dsrew M»mb»r*s Mary P. An- 


****** 
* 10,000 \ 

4c Member >r 
^flponiors* 


ci. M -? mb ® rtl Rlchard K - 

8 Ffiuf 1 ^ orn Dickey, Brooks . ' 

uSW Llaacksi 
■ff F :. Koni kow. E. N. Lightfopt. 1 
est Joshua D. Cocker, Harold H. Demarr 


, , arl8s c - Goodrich, Douglas H. Hammond, A J. 
lo^-^roo Kanamori, Robert C. Llebermann, S, W. ■ , 

^wtan. uiuii<. m « ii DnHan rihtnn- 


sSg a ^ ,lllarn R - Muehlberger, (Robert M. Raglan, CWng- 
ip Thomas J. Ahrens, Ernst Bleuler. PhU- 

S Crw^? 0, Mlch ael J. Carr, Curtis Allan Collins, Charles 

Robert' .‘Wph R, Currayi Zoltan A. Der, John G. Ferris,- > 
iiv* 1 «. Cellar inhK t> Am/vtrf M Henson.-' : 


Lawrence A. Taylor. Ta-llang Teng. Robert Thunsll.Q. H. 
Toebes. Urho A. Uotita, Kenneth L. Vwowb. Donald J. 
Weldner, David E. Welssman, James A. Whitney, Douglas 

F one^mhe^Katsuyuki Abd.jflhoenl J- Abreu.Kaz 

! 

son Kei Anma, Raymond ArvkJson, Maha Ashour-Abdalla, 
Barry Kean Atkinson, William Back, Ban B. Balslay, Alan R., 
Bandy John M, Bane, Jr., Fernando J. A. S. Barrlga, <3or* 
don d’ Bath, Michael L Bender, Steven C. Bergman, Su- 
^annn Rflske-Dlehl Keith Beveh. Douglas C. Blgga, Roger 
Sm^ohn M B rd E. G. BombOlaSS, William J. Borncki. 
Knnv l Bowen David S, Bowie?, Ralael L. Bras, Gar- 

David A, Brooks. Ell 

l ett i. ofonsM i Brooks Robert A. Brown, Kenneth W. 
^ ro ? k8 l u Brutsaert, Jon B. Bryan, James A. Bur- 

B^ea, 

^n^nW ^Sdedonla, Robert F.iCarlson. R. L C?rdvll- ; 

Q ^wSffis I Carter Anny CaienaVe, Charte8 E. Chanv 
n AMO^Ctova, Lawrence A. -. . . 

bori |n , : Fra^ Cha^l^ Choudhury, p. A. Chris* 


Mark m u Ge ", er i J°hn P. Greenhouse', Arnold M. Hansort? 
^H^Houck, Burton H. Jones, l?eter K.,Kllanldls ( William 
rredarlnk’ w rtnJ A MaWriowA. Ivah I. :. 


Ch u riS - 

Ml « ■ 


^lfti Freder,ck K - Ma6k, Guy:A. Meadow?, Ivart. I. . 
bet q , kuw andra Navrotaky, O. R. Nleisep. JaW.SI;N^ , 
Rfcw2 9t - H^ed S. Panu, Chiles; T.;. Prewitt, Jadi^s A,. 
8dSS RoWnson; JdaeD.iSalas, : 
^ 6 ' Donald L Btaaa'I? FrMnk' J.-3oera< Alan SumiWf 


• 'l r'Infn fl 'HaflS Utaaaswir uwnn 

h ' »; har ' i 

i iuwpuh Cordell. Charles C. Counse man. Ill, 



Davies. Kenneth Davies, Peter K. Davies, Donn G. De 
Couraey, Margaret Lois Delaney. Jacques W. Dalteur, Vic- 
tor E. Delnore, David J. DeMaster. Jimmy F. Diehl, S. Law- 
rence Dlngman, James C. I. Dodge, Julie M. Donnelly, 

. Robert L. Du Bds, John P. Dugan, Robert A. Duncan. Jer- 
emy Dunning. 

Timothy E. Eastman. Donald H. Eckhardt, Oscar B. Ecfc* 
hoff, Floyd C. Elder, Ofav Eldholm, Martin Engi, Irene M. 

! Engle. Terry Engelder, Charles Eriksen, Fred T. Erekine, C. 

. Patrick Ervin, David S. Evans, Joseph Fain berg. J. J. Faw- 
cett. Philip M. Fenn, Arthur A. Pew, Jr.. David E. Fields, 

. Jerald S. PHleld, L. A. FlBk, Yu*8i Fok. Michael G. Foley. 
Donald W. Forsyth, Jetf P. Foji, Melvin Friedman, James P. 
Friend, E. O. Frind, John William Gelsaman, Lynn W. Gel- 
har, Christoph K. Gpertz, Kenneth A. Goettei, Meivyn L. 
Goldstein, Richard G. Gordon, David Grason, Alex E: S. . 
Green, Kenneth 'E. Green, E.'W. Greens tad I, OaVId Green* 

. wait, Raul Guerrero, Ronald C. Qularte, Thorsien L. Gun- 
• ther. A: B. Gureghlan. Robert James Gurney, M. Susan 
- Gussenhovran. 

Peter K. Half, Janet A. Haggerty. Stephens Edward Hag*. 
. gerty, D. A. Halth, Francis iR. Rail, James M. Hall. Bruce S, 

' : HSnshaw, David G. Harkrider, C. G. A- Harrison. George E. 
•/ Hart, Norman Harlhlli, Richard H. Hpvvkfne, Stanley, P. 
v Hayes, Paul B. Hays, James Wi Head; Gary R; Hecdx, Da- 
. . ; vld V. Helmbarger, Janet S. Hermarv. Gregory F. Hprzog, - 
.. John D; Hewlett; pohald Hill. George' R. Holdren, Jr., 

. Joseph V., Hollweg, VWIIlamT. Holsef. Thomas E. Hbtzer.i ■ 
Qaty M, Hoover, Yuan*Huang L. Hsu, Frank T. Huang, Ste* 


i 

1 

t 
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phen P. Hueslis, R. H. Hunler, Liaquat Husain, Tissa lllan- 
gasekare, Andrew P. Ingersoll. Dallas B. Jackson, Ian N. S. 
Jackson, Gary K. Jacobs. Ivan C. James II. J. Douglas 
James, Raymond Jeanloz, Ronald E. Johnson, Tracy L. 
Johnson, Blair F. Jones, Glyn M. Jones. Gfeskes Jorism, 
Darrell L, Judge. Donna M. Jurdy. 

Douglas L. Kane, Roberl B. Kasper, Keith W. Kaiahara, 
Susumu Kalo, George V. Keller, William W. Kellogg, 

B. L. N. Kennelt. Iwane Klmura, Charles T. Kincaid, Fred 
W. Klein, Georges deVries Klein, Martin J. Koomen, A. Kro- 
ner. James L. Krumhansl, Roman Krzyszlofowicz, Philip R. 
Kyte, John L. La Brecque, Gerard Lachapelle. L. Stephen 
Lau, Michael T. Ledbelter, Baum K. Lee. Tay-How Lee, 

Chin S. Lin, Donald H. Lindsley, Juhn G. Llou, Richard 
Lively. Max Loewenslein, John M. Logan, Leland Timothy 
Long, Robert P. Lowell, Allen Lowrie, Charles A. Luther, 
Gregory A. Lyzenga. 

William D. MacDonald, Peler K. MacKinnon, Syukuro 
Manabe, David H. Marks, Bruce D. Marsh, James G. 

Marsh, Margaret Elizabeth Marshall. George B. Matanga, 
Barry H. Mauk, Barbara B. Mavko, John C. Maxwell, Ted 
A. Maxwell. Hans G. Mayr, Samuel W. McCnndless, Jr.. 
William R. McCann. James S. McClain, Kennelh A. 

McGee, L. D. McGinnis, Christopher P. McKay, Karen C. 
McNally, A. G. McNamara, John K. McRaney, Harry Y. 
McSween, Jr., Judson Mead, W. D. Means, Scott G. Mef- 
ford, R. Meifzner, Robert L. Melvin, Michael Mendilto, 

James W. Mercer, Gerald Meyer, Jean-Francols Minster, 
Polve Mireille, Jerry L. Modiselte, Harold O. Mofjeld. Volker 
A. Mohnen. Erik Motlo-Chrlstensen, Judith B. Moody, Chris- 
topher N. K. Mooers, Michael M. Mooradfan, Stearns A. 
Morse, Paul Morgan, Helmut Moritz, Sharon Mosher. Rob- 
ert A. Muller, John J. Murray. 

Kazunkl Nakamura, Manuel Nathenson, Kennolh H. 
Nealson, Shlomo P. Neuman, Carl A. Newton, V. V. 

Nguyen, Yasunori Nlshtda. Clyde Nishimura, Charles A. 
NiUrouer, James S. O'Brien. Richard J. O ConneH. Anne 
O'Donnell. Emile A. Okal, Julio C. Ollmplo. John J. Olivero. 
Peter Olson, Michael L Orislnglio, Peter J. Patmadesso. 
Donald F. Palmer. Hans A. Panofsky, K Papadopoulos, 
George K Parks, Mervyn S. Paterson, Malcolm R Palter- 
son. William C. Palzerl, Adolf K. Paul, Rudoll Penndorl. 
Homy T. Perkins, Mary Jane Perry, Mark E. Passes, John 

A. PhUpotls, Richard E. Pieper, Nicklas G. Pisias, Philip 0, 
Rabinowilz, Chandra S Ral. Sundar Rajan, W. T. Rawlins, 
Waller J. Rawls, David K. Rea. George Reid, Stephen P. 
flaidel. Patricia Hofer Roiff, Bodo W. Reinlsch. Sluarl fl. 
Romz, Richard Reynolds, J. Michael Rhodes, Jack M. 

Rice. Paul G. Richards. John B. Robertson, Pierre- Yves F. 
Robin. John Rodgers, Alice M. Rogan, William M. Rog- 
genthen, John V. Ross, Kelly E. Rowe. John C. Rucklidge, 
John Rundle, Ernest Henry Rutter. 

Neil E. Salisbury, Patricia F. Sailer. Charles G. Sammis. 
David Sandwell. Jorge L Sormlenlo, Telsuya Saio. Y. 

Sato. Kim D. Saunders, Edward William Sawyer. Jean-Guy 
Schilling, Stephen H. Schneider, Jeffrey P, Schubert. Fred- 
erick Roy Schutt. James D. Schumacher, Margaret Ann 
Shea, Charles R. Shearer, Neil R. Sheeley. Jr.. Alan 
Shiller. Kunlhiko Shlmazaki, Thomas H. Shipley, Peter N. 
Shive, Robert A. Shuchman. Kerry E. Steh, Eli A. Silver, 
David W. Simpson, Vijay P. Singh. A. K. Sinha, Qgbazghi 
Slum. William L. Sjogren, Airan Skorpen, Don F. Smart, Eu- 
gene Smart, Christopher R. Smith, Sheldon Sommer, 

Bengt Sonnerup. D. J. Soulhwood, Warren T. Spaalh, Jr., 

P. Srinivasan. Roberl J. Slarmer. Charles H. Slayer. Heinz 
G Stefan, Maureen Steiner. Yaron M- Sternberg, Edward 
F. Stoddard. Frank S. Slone, D. W. Strangway, Ronald 
Streel, William D. Stuart, Brian W. Stump, Lynn R. Sykes. 

Joern Thlede. Gary E. Thomas, George A. Thompson, 
Lonnie G. Thompson, John Thrailklll, John Toole, Robert J. 
Tracy, Georges Vachaud. Janei Van der Veen. Gilbert K. 
Van Dyke III. Mario S. Vassiliou, William W. Vaughan, 
James F. Vedder, Richard Carl Vlerbuchen, Jr., N. J. Vlaar, 
Marc Vuagnat, Hare S. Waff, R. J. Wagenet, Jean Jacques 
Wagner. Brian Wannamaker, Robert C. Ward, Richard 
Watt, Deborah J. Wechsler, Andrew J, Weinhejmer, David 

B. Werner, Frank J. Wentz. Daniel Wieder, Donald U. 

Wise. Peter M. Woiceshyn, Roger G. Wolff. David R. 
Wones. Eric Wood, Mark T. Woods, David A. Woolhiser, 
Marines J. R. Worief. PBler J. WyJlie, William Yeh, S. H. 
Yungul, Siavosh M. Zand, Alex Zaporozec, Victor Zlolnlckl. 
Ernsl G. Zurttueh. 

Candidates Statements: 

Section Presidents-Eiect 

In Ihe next tew Issues, comments from all candidates for 
office of section president-elect will appear. The slatements 
for Geodesy, Geomagneiism and Paleomagnetlsm, Hydrol- 
ogy. and Solar-Planetary Relallonshlps sections appear be- 
low. 

S. 0. Taploy (Geodesy) 

The following subjects are of importance lo the AGU at 
largo arid the geodetic community in particular; 

1. A significant effort should be made to Improve com- 
munication between the organizations Involved in 
geodetic operations, which include both Industries 
and federal agencies, and research activities associ- 
ated with Ihe development and intllal exploitation of 
contemporary geodetic Instruments and theoretical 
approaches (o Ihe use of the new data types (VL8I. 
laser, Global Positioning System, satellite altimetry, 
GRAVSAT, etc.}. Efforts to stimulate the dialogue be- 
tween Ihe research and application communities will 
bring hew techniques Into the operations area at the 
earliest feasible lime end will provide a proper slimu- 
lus for the research and development activities. Such 
dialogue should be enhanced through special ses- 
sions at the biannual AGU meetings arid by sponsdr-i 
fng intersociety workshops and specialized, sympo- 
siums. ' j- •• 


2. The AGU should Initiate an effort lo evaluate and Im- 
prove the university educational offering In the area 
of aeodesy. A geodesy section sponsored by he 
Education Affairs Committee should be given the re- 
sponsibility for developing plans for Improving the 
quality ol the educational programs In geodesy and 

geophysics. • , , , . . 

3. The role of geodesy In other related areas should be 
Identified and actions Initialed to satisfy the geodetic 
requirements that emerge In these areas. Of particu- 
lar significance are the roles that geodetic methods 
play In the areas of oceanography (definition of the 
geold and gravity field and ocean surface and ocean 
bottom positioning) and seismology (precise point 
positioning, the time rates of change of point posi- 
tion, polar motion, etc.). 

4. The roles of large data set collection, archiving, and 
dissemination are topics of major concern to the geo- 
detic community. The Geodesy section activities, 
through the section meetings and/or technical com- 
mittee, should seek lo distribute information on the 
availability of data for geodetic studies, to define ar- 
chival requirements for geodetic data base, and to 
Identify requirements that are not being met by cur- 
rent agency actions. 

If elected, 1 will work toward achieving Ihe objectives out- 
lined above. 


Petr Vanicek (Geodesy) 


North American geodesy has been suffering from a lack 
ol identity. This continent has seen some of the most spec- 
tacular geodetic achievements; yet, often enough these 
were born under the auspices ol space science, tectono- 
physlcs, oceanography, etc. Some of my more pragmatic 
colleagues will argue that there Is nothing wrong with this 
'throw out plurality.' 1 feel, however, that the cause of sci- 
ence would be better served If geodesy were, once more, 
recognized for what It is: a scientlilc discipline in Its own 
right. 

Geodesy Is the discipline that concerns Itself with the ge- 
ometry of the earth and its gravity Held. Including the tem- 
poral variation thereof. Thus geodesy Is as much a part of 
geophysics es geometry is a part of physics. U is on these 
philosophical foundations that the Geodesy Section should 
cooperate with the other sections of AGU. It is this position 
that the Geodesy Section should take when asking Itself 
what Is there that geodesy can do for the other disciplines 
and what is (here that the other disciplines can do for geod- 
esy. It Is this point of view that I should adopt if elected to 
Ihe presidency. 

On a more down-to-earth level, the section may consider 
doing more tor Ihe promotion ol AGU among professional 
colleagues and sludents alike. The promotion should In- 
clude soliciting research papers as well as review papers 
for JGR and RGSP and soliciting manuscripts for publica- 
tion In the AGU Monograph Series. As an example of other 
possibilities, Ihe section may consider launching a cam- 
paign to evaluate geodetic content in various pertinent uni- 
versity programs on this continent and publish the results. 

To end, I should like to thank Ihe Nominations Commit- 
tee tor the honor they bestowed upon me by nominating 
me, even though I am not a United States citizen. 


Christopher G. A Harrison (Geomagnetism and 
Paleomagnetlsm) 


The main funcllon of the American Geophysical Union Is 
to provide communication channels between geophysicists. 
This is done by the meetings and the publications pro- 
grams of AGU. Actions taken at council meetings can affect 
both ol these programs, and one of the jobs at council 
members is to ensure that the various programs remain 
effective. This is especially true during limes ol rapid 
change, which we are seeing today. For Instance, the publi- 
cations program ol AGU is undergoing several changes 
that may affect members affiliated with the GP section. The 
Red JGR has had a significant increase In size under the 
editorship ol Tom Ahrens, and a new journal. Tectonics 
has been started In collaboration with the European Geo- 
physical Society. The annual meetings are also undergoing 
change, with Ihe western one, in particular, growing 
through the years. The increase In submitted abstracts may 
necessitate significant changes in Ihe way the meetings are 
organized. In order thal a council member may adequately 
represent his or her section members at council meetings, 
it is Important that there be good communication between 
the council representative and the members of the section 
The lunch meetings of the GP section, which lake place at 
tne annual meetings, provide some opportunity for ex- 
change of Ideas which I would like to see made greater use 
of. 1 shall also try and discuss Issues with Individuals during 
the annual meetings so as lo be better prepared to reore- ° 
sent GP at the council meellnga. " 

Other things that are ot Importance to GP members are 
that magnetic observatories continue to operate, that new 
orbiting magnetic observatories be launched in a Umelv 
manner and that our data bases at the National Data Cen- 
ters be kept up-to-date. uen 


Neil D. Opdyke (Geomagnetism and 
Paleomagnetlsm) 


J5 ,B f Sreat honor lo be selected by the nomlnatlno com- 

,0 i pre f lc !f nl of tf,e QP section; It is myoX 
lon that he section Is doing qqlte well; however 'there £ ' 
one mat er lhat must be addressed .11 ■ 

coherent active group. The problem to- which I am mterrino 

r Cre f^ IS ® ecl,on8 to split Into a ?'• 

W^st Coast and an East Coast group baaed umn iheTe :• 
apectlveoattanal meeting*. How this tendency ran be ■ ^ 
countered during a 1 tlrne ol Itjdrosslng difficult^: inrob^alntng . 


additional tends for travel is difficult to see. A possible rout 
may be to attempt to coordinate the symposium offered at 
the two meetings to have as wide an appeal as possible 
and to invite speakers to these symposium from both 
coasts. Therefore, if elected, I would attempt to be more in. 
volved in the coordination of the programs for the two " 
meetings so as to maximize the Interaction of what is rapid 


ly becoming two constituencies, 

ft. Allan Freeze (Hydrology) 


I believe that Ihe Hydrology Section of AGU is currently 
In good hands, and I would not envisage any major shifts Fn 
direction should I be elected president of the section. 

The primary obligations of the section's executive are to 
ensure efficiency and quality in the publications program 
and In conferences and symposia. On the publications 
side, our research Journal, Wafer Resources Research, has 
a strong reputation, and I would provide the necessary sup- 
port to the editors to ensure the continuation oi this reputa- 
tion. 

One of the long-standing problems In the section Is how 
to bridge the gap between the relatively small number ol 
research-oriented hydrologists who tend to publish In WAR 
and the much larger number of practicing hydrologists who 
form the backbone of the section. The user-oriented publi- 
cations of the Water Resources Monograph Series have 
the potential to be the primary vehicle for bridging ihq gap. 

I would like to see this program improved and expanded 

With respect to symposia, I would (Ike to see continual 
expansion of the Chapman Conference program. All the 
Chapman Conferences to date have been successful and 
well attended. Recent annua! meetings, despite excellent 
technical sessions, have experienced relatively poor alien- 
dance. This problem deserves continued attention. 

I understand that the technical committee structure in the 
section Is healthy and active. 1 hope to see the members of 
these committees play a leadership role in the development 
of Chapman Conferences and in the organization of techni- 
cal sessions at the annual meetings. In particular. I would 
like to see more technical sessions that cross the interdisci- 
plinary boundaries within hydrology. 

On a broader front, I would like to see greater Interaction 
between the Hydrology Section and the other sections oi 
AGU. I think we should abandon our traditional role as out- 
siders and jump headlong and headstrong into AGU affairs, 
both political and scientific. In the long haul, I believe lhat 
this la the best way to project the interests oi the Hydrology 
Section within AGU and throughout the broader scientific 
community. 


George C. Reid (Solar-Planetary Relationships) 


The disciplines represented by Ihe Solar-Planetary Rela- 
tionships Section of AGU are facing a period of crisis 
brought about by the proposed major decreases In re- 
search funding. They are likely to be affected to an even 
greater degree than other areas of basic science, since 
they have become so dependent on spacecraft missions, 
whose future ta, to say the least, unpromising. In this situa- 
tion, a slight shift In the emphasis of AGU might be worth 
considering. Traditionally, AGU has not played an active 
'lobbying' role, restricting Itself mainly to the development 
of communication among scientists through the twin media 
of publications and meetings. This should certainly continuo 
to be Its principal function, but I should like to propose an 
Increase In emphasis on communication between scientists 
and the outside world. The market for pofiular science Is 
stronger than ever before among the educated public, an 
Solar-Planetary Relallonshlps has an interesting story lo 
tell. I feel thal our section should work, through its onicef 5 - 
with the Public Affairs Committee of AGU to convey the in- 
herently exciting aspects of our work to the general puw 
and thereby start to build an effective lobbying force anwg 
the public, most of whom are not aware of the serious ® 
gers that the future holds for science. 

There are a few specific Issues facing both the Union 
and the section that will demand attention In the near iu- 
ture. The proposal that the Aeronomy subsection be 
merged with the Meteorology Section to form an Atmo- 
spheric Science Section Is probably ihe one of mosf aire* 
and Immediate concern. While this proposal has _ 
merits, there are potential problems that need to be a 
Ined and laid to re9t before a final decision Is made, ou 
restructuring within the section may also become des» a 
whether or not Aeronomy remains as part of SPR. 

The AGU journals represent a valuable inlernatlona 1 
source and are among the world's leading journals i ii n 
fields. This Is especially true of blue JGR, relative to 
disciplines of SPR, and every effort should be made m 
maintain, or even to enhance, Its position. If eie cte °; 
pose to work with the Editor, the Publications Commit* 


pose to woi-k wttn me Editor, the Publications 
and the Council to support the cause of blue JQR a 

FWftlft Ami rhflnrmB that mmi Ho j4exMm0.nl ft l lO ItS UfllM 


avoid any changes that may be detrimental to its unrq 
tematlonal standing. The problem of journal finances . 
likely to Increase In importance In the next few. year > 
the long-standing question of the balance between" 
ual and Institutional subscription rates may need ree 
nation. In these Issues, and fn others as they a r 1 l ?f , lln | tf 
try to act In the best Interests of the section, of me 
and of the discipline Itself. 


Christopher T. Russell (Solar-Planetary 
fte/af/onsh/psj 


The primary function of ihe AQU Is' 


to be Mientlflc communication, The AGU. fo s ^^, dD er , 
municallpn Iri many .Y/ays:. through its weeWy naw v. . 
Eos; through tte’research journals, review J°H^-!i n as ard 

h/V-ll/n- anW 4 U. ...... L. nt annllfli m00l [l ■a'* j ‘ 


bopks; arid through. Its .sponsorship of annual n* . . pfr, 
Chapman CbhlerencC^.Tftee aspects, of 'the l° u S s y , 
draft aft of mostiedneemip the membership: eo ^ 
QUEintu fit ennf anl ' • Xi-id 1 'anM ilmaki riilhllcfitlon. I “ . 


SB f) S l)ed with the editorial content of the AGU journals. In 
the SPR section the journals of choice are the JGR and 
GRL. However, 1 am not satisfied with the length of the 
time from submittal to publication for JGR and to a lesser 
extent for GRL. The decline In subscriptions alarms me. 

The more AGU journals are in scientists' offices, the more 
the articles within them will be used. Perhaps subscription 
rates need to be decreased at the expense ol page 
charges. 

In the area ol the annual meetings the AGU seems to be 
choiring on Its success. Is there a reasonable solution to 
the problem of overcrowded rooms and conflicting parallel 
sessions? I believe we should analyze carefully why this 
crowding has come about before offering solutions. I do not 
believe poster sessions are the instant cure-all to the prob- 
lem, nor Is the arbitrary rejection of abstracts desirable. 1 
entered the field too short a lime ago to believe the ‘old 
boys' know what should be accepted. We must nurture new 
blood and Innovation. The Chapman Conferences have 
proven themselves to be effective and provide an atmo- 
sphere unattainable at the annual meetings. However, have 
wausad them moat effectively? Have the subdisciplines in 
SPR had their fair share of these conferences? 1 believe 
thal the SPR section officers should take a more active role 
in promoting Chapman Conferences to cover the needs of 
Die members. 

We should not overlook the other roles of ihe AGU, even 
though they do not touch us as directly or as often as 
meetings. We must encourage good young people to enter 
the field, even with the uncertain job market. There will al- 
ways be a need for good people in our field. At the present 
lime the employment opportunities In the various sections 
ol geophysics Is uneven. The AGU can assist in smoothing 
this Imbalance by matching prospective employees with 
available geophysicists when they find themselves outside 
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‘° ,d network' In a particular area. Finally, we live 
in cnanging limes. The amount ot money available tor re- 
S00 ft s to b e floing down. The attitude ol Ihe federal 
re 9ardlng Ihe need tor basic research seems 
lo be taking a turn for Ihe worse. At a very minimum we 
nead tha AGU to act es a listening posl for us and lo keep 
tne membership informed about the issues thal affect geo- 
physicists. However, perhaps the time ha$ come when the 
j U and Its members should take a more active role in in- 
forming the general public and those in the Federal govern- 
ment about what we do. 

One last point that has concerned me over the years Is 
the rate ot errors In the membership service area: lost sub- 
scriptions, lost articles, and the like. There has been much 
improvement over the last year, but there is still room for 
further improvement, and as a council member I would con- 
tinue to monitor this area and assist In promoting a mis- 
take-resistant system at AGU headquarters. 


BALLOT CHANGES 

Withdrawn 

Donald R. Nielson has withdrawn as a candidate for 
president of the Hydrology Section. 

Petition Candidate 

Joseph N. Barfield has been approved as an additional 
candidate for Secretary ot Magnetospheric Physics for the 
Solar- Planetary Relations Section. Hfs biography and pic- 
ture appear below. 



Barfield 


Age 40; he has been a member ot the AGU since 1968. He (s a 
slafl scientist with Southwest Research Institute In San Antonio, 
Texas. Hts research interests include magnetospheric subsiorm 
dynamics, magnetospheric current systems, and ULF waves in the 
magnetosphere. He earned his B.A. in physics From Rice Universi- 
ty in 1965 and his Ph.D. In planetary and space physics from 
UCLA in 1972. He was a research physicist with the NOAA Space 
Environment Laboratory from 1972 lo 1979. where he participated 
tn the analysis q( Explorer 45 particle data and was responsible (or 
processing of Ihe NOAA magnetometer data basos. Instrumental 
in tha planning of (he North American IMS magnetometer data 
base, he was the IMS data coordinator for NOAA SEL. After 2 
years as an Independent consultant, ho joined Southwest Re- 
search Institute, where he has continued his magnetic-field re- 
search and has participated in (he design oi (he data processing 
system lor the Dynamics Explorer space plasma data- Ho has 
authored or caauthored 29 scientific articles, including 17 in AGU 
publications. Ho has served a 9 referee for various journals and ns 
organizer for two international scientific conferences. He has also 
served as sossion chairman at sovoral AGU meolings mid ns an 
fnvftod spoakor at several mtornnlionnl symposia. Barfield is pres- 
ently a ntombor of the National Academy of Sclencor, Hanoi on tho 
International Mngnalasphoric Study (Data Analysis Phase) anil is n 
member of n number of working groups in spneo physics 



Aerospace Sciences Meeting 

The American Institute of Aeronautics and Astronautics' 
20ih Aerospace Sciences Meeting, lo be held in Orlando, 
Ra.,on January 11-14, 1982, will include four main ses- 
sions and a special presentation by Esker Davis, Voyager 
project manager, entitled 'Voyager: A Parade of Giants.' 

Results from the Spacecraft Charging at High Altitude 
(SCATHA) program will be summarized in one session. For 
more Information, contact A. L. Vampola, The Aerospace 
Gorp., P.O. Box 92957, Los Angeles, CA 90009. Seven pa- 
pore will describe the science and engineering of a pro- 
posed space mission in a session entitled ’Slar Probe: A 
Mission to the Sun.’ For additional information, contact D. 
Sonnabend, Jet Propulsion Laboratory, Pasadena, CA 
91103. ‘Active Space Experiments' will include six papers 
on tha results of active stimulation of space plasmas. De- 
tails can be obtained from S. Kaye, Plasma Physics Labo- 
ratory, Princeton University, Princeton, NJ 08544. Six pa- 
psra will evaluate the effects of the environment of space 
on spacecraft systems. For additional Information, contact 
C.P.Plke, Air Force Geophysics Laboratory, Hanscom 
AFB.MA 01731. 

General Information about the meeting can be obtained 
aX ! Paul F * Mlzera, The Aerospace Corp., P.O. Box 
92957, Los Angeles, CA 90009 (telephone: 213-648-6514). 

Water: Indiana's Abundant Resource 

A call for papers has been Issued for the Third Annual 
JJJna Water Resources Symposium, sponsored by the 
“toiana Water Resources Association. Papers are Invited 
JJ aspects of water resources, but special emphasis will 
» Placed on papers addressing irrigation, urban hydrology, 
wa ‘0r quality, groundwater hydrology, lakes and wetlands 


hydrology, hazardous wastes, or multipurpose water uses. 

For a paper lo be considered for the meeting, which is 
scheduled for June 9-11. 1982. in South Bend. Ind.. au- 
thors should submit an original and lour copies of detailed 
abstracts of their papers no later than January 8 to John E 
Fisher, Chairman, Third Annual Indiana Water Resources 
Symposium. Lawson-Fisher Associates. 525 Wesi Wash- 
ington St., South Bend, IN 46601 (telephone: 219-234- 
3167). Abstracts should not exceed 250 words and are to 
Include the paper title, author name(s), affllialion(s). ad- 
dresses), and telephone number(s). The senior aulhor 
should be noted with an asterisk. Authors will be notified at 
the end of January. Camera-ready copy must be submitted 
by April 1. 

Organizations wishing to present an exhibit a! ihe sym- 
posium also should contact Fisher by January 8. p. 

Paleoenvlronment of Eos! Asia 

The Centre of Asian Studies at the University of Hong 
Kong is proposing to convene a conference in early De- 
cember 1982 on the Paleoenvironment of East Asia from 
the Mid-Tertiary. The conference objective will be to review 
the evidence for the sequence of geology and paleoclima- 
lology that parallel evolution of biological ecosystems in 
Asia. This review should lead to a definition of the nature of 
the environment In which hominlds and early lorms of 
Homo evolved In east Asia, according to the centre. 

Geologists, geomorphologlsls, paleooceanographers, pa- 
teometeorologists, paleocllmatologists, paleoecologisls, pa- 
Ieozoologl8ts, and paleoanthrapologlsts are expected to 
contribute to the conference. In addition, specialists from 
China. Japan, Korea, and Taiwan are expected lo describe 
their advances In these disciplines. 
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Those wishing to participate should contact, by March 
31, Edward K. Y. Chen. Director, Centre of Asian Studies, 
University of Hong Kong, Hong Kong. Statements of inten- 
tion to attend and offers of papers (with 200-word ab- 
stracts) to be presented in English are welcome. 3 


Geophysical Year 
New Listings 

Sftlg- meellnga sponsored or cospon- 


Annual International Meeting ol the 
Group on Mediterranean Ophtolites, 
oraTuL o 1,1 Beccaluva, Isfliuto dl PbUo- 
Vfa QranwcJ 8, 43100 Parma. Italy.) 


sw? Mealing of Ihe American Assod- 
tav nr V?i^5' ancflment 01 Spence, Washing- 
thu*«» , i AAAS Meetln ga Ortlce, 1776 Mbmb- 
Jfa K A ^ nue . N.W., Washington, DC 20038.) 
krtfotwi* “yropwlum on the Understanding of 
cu 3 ProwjMee at the Basin Scale, Cara- 
Bofivu iauq a /, Spon80ffl ' Unlvarsldad Slm6n 
Wadnw 3 LW'arto Rodrfguw-ltuiba, Untver- 
CaracM n iS?? h ® r « A Part«do Postal 80.669, 
taiSL 10 ® 1 ' Venezuela.) 

Botejar Raflo Science Mealing; 

Sponsors, U.S. National Commit-. 
*EE m a 7 allo P al Union of Radio Science, 
Committee for URS1, Na : 
HNw u, .9 0tJnc,l ' 21 ° 1 Constitution Ave-. 
Jen 'Alston. DC 20418.) ' • 
B '»iiiiaa» t 1 ^ 0 * 0,1 Offline ot Plea- 
‘rtire. v 5!*°! ri9 Helde ln tfia Mafloato- 
NBU onai Paifk, Calif. Spc'n- . 
"“♦Phsrto (F- T- Berkey, Cenlar.ior.At-. 
L u %tfhi Sciences, Utah State , . 

. J S^ M ^--4oan. U T 84322.I- ' ■ -V 
fourth Annual Conference on 'lft. 
£■ T - Wwf n ?^ pr 9fl r P m . Oreenbelt.'Md. 

: (E « 0 NASA/Goddard Space : 

® r > Qreejto^t^D 20771.) . 


Feb. 8-12 Third International Oaodallo 
Symposium on Satellite Doppler Posi- 
tioning, Las Crucaa, N. Mex. Sponsors, De- 
tente Mapping Agency, National Ocean Survey, 
AGU. (Richard Peal, Defense Mapping Agency. 
HydroaraphliVTopographlc Cenier, 6500 Brooks 
Lane. N.W.. Washington, DC Z03J6) 

Feb. 16-19 Oooan Bolonoeai AOU/ASLO 
(American Society ot Limnology and 
Oceanography) Joint Moetln fl ,San Anto- 
nio, Tex. (MeeUngB, AGU. 2000 Florida Aw., 

NW., Washington, DC 20009.) 

Feb. 25-28 13th Annual Meeting of fee Werna- 
Bonal Erosion Conlrol Association, Sail Lake 
City. Utah. (M. McMIlten, postal '00^ Con3Ul ' 

. tania, P.O. Box 106, Pinois, CA iMS 04 -) 

Mar. 22-28 International pynpo^rn m IjWdro- 
■ thermal Readons. ^hanw.^^PW^. 

I— I. "'Technology. Nagmute. ■ 

Midori, Yokohama. 2Z7 JW 
. war 9A-27 Conference on Earthquake Hazaras 

; ^^Conlwence on Antarctica, : 

;■ ^ ' 

’ • : .ctoenfefery, CoRimbfa Unlvsrdlly. Pdllsadss, NY 

, /vMiBarah Sectton.'Geotogkial Sotte* 

State UnlY,, ort Boln-. : 
, • •> (Meetings « AG U , MOO , 


continuities In Rooki Their Kola and Sig- 
nificance In Qaologlo Prooosass, Santa 
Fe. N. Mex. (Meetings. AGU. 2000 Florida Ave- 
nue, N.W., Washington, DC 20009.) 

Msy 3-7 14th International Ltega Colloqui- 
um on Hydrodynamics of Equatorial 
Oceans, U&ga, Belgium. Sponsors IAPSO. 
Unseat Marine Sciences Division, EQ3, Inter- 
governmental Oceanographic. AGU. (Jacques- 
C. J. Nihoul, University of Liage. MacAnkjue des 
Ftukfes GaophysJques-EnvIrwimBnt, BB- Sart Tit- 
man. B-4000 Lfega, Belgium.) 

May 7-20 General Meeting of IAG, Tokyo. Japan 
A, Nakagawa, Geophysical Institute. Kyoto Uni- 
versity, Sakyo-ku. Kyoto 608 Japan.) • 

May 10-12 Annual Masting ol ihe Canadian Geo- 
physical Unton, Dowravtsw. Oniarto, Canada- 
(0. E, Smyle, Department of Physics, York Unt- 
vereiiy, Dm/navlew, Ontario, Canada M3J tP3.) 
May 10-12 Rourth fnlemettinal Conference on 
(Wining and Managemenl of Water Resources 
tor Industrial, Agricultural, and Urban Use, Mar* 
arilles, France. Sponsors, Commtwton Euro- 
pa on ns Medlterrandenne de PfeNflcalkHi des 
Eaux (C.E.M.P.G). SocUte des Eaux tfe Mar- 
grille (S-E-M-h the Bureau ds Rechardwa Gto* 

1 knkwas fit MW4nte (B.R.G.M.), Centre de For- 
rnation Internationale A la Gestion dea Resources 
an Eau (CEFK3RE). UNESCO. Commission dea 
Common write Europtennes. Association des 
HydrogSotoguea (AlH). (Secretarial da i ta Confer- 
ence, SoeiBfe dss Ea»» da Mareettie, 25 roe 
Edouard Detanglado— 13006 Maiwta. France.) 
Meiy 12-19 IASPEWJNESCO Workshop bn the . 
fteory, Observations, and Causes of Seismic 
Anisotropy, Suzdal, USSR. (E. M.Cheanokov. In- 
atimte of Physics of tha Eaflh. BotShaya Gw 
: drakaya 10, Moscow 123810, VS8R.) • 
•Mav 17-22 Fifth Intemtftaifll.Syinposium bn So-. 

• la^Teirwtrfal Physics, Ottawa, Ontario, Canada. 
Sponsors, 8GOSTEP, COSPAR. IAGA. URSI. 
HJPAP. (J. G. Hoederer, Geophysical Institute, , 
University ol Alaska, ‘ Fairbanks, AK 99701.) 

'May 17-2? Symposium on Remote, Sen stog and. 


Mineral Exploration. Ottawa. Ontario. Canada. 
Sponsor. Committee on Space Research (CO- 
SPAR) ot the Internationa) Committee ol Scien- 
tific Unions (ICSU). (W D. Carter, EROS Office. 

U S O S. |MS 7301. Reston. VA 22092.) 

May 17-June 3 24th Plenary Meeting ol CO- 
SPAR, Ottawa, Ontario. Canada (T w. 

McGrath, Executive Member, Local Organizing 
Committee. XXiV COSPAR, Conlerence Secre- 
tariat, National Research Council, Ottawa. Ontar- 
io KIAOR6, Canada) 

May 23-26 Eastern conference on Water and 
Energy. Technical and Policy Issues. Pittsburgh. 
Pa. Sponsors. ASCE. League ol Women Voters. 
Council ol Stale Governments (F. KUpaufck. 
USGS National Center. MaH Stop 4 14, Reston, 
VA 22092) 

May 23-27 Second IrHemBtiortal Conference on 
Geological information. Golden, Goto. Sponsors, 
Geoscience Information Society, Gebtogcet In- 
fermotton Group oftheOeoiogica) Society oi 
London, International Union ol Geological Sci- 
ences. Association <A Chtet Librarians ot National 
GedOQtca! Surveys. Assoc tenon ol Geoacremfels 
lor International Development. (D. C> Ward, Inter- 
national Conference on Geological Information. 
223 Natural History BuMmg, 1301 Wesi Green . 
Sireet, Urbans. IL BlfiOI. . 

May 23-28 Panroea Conference on Tectonic His- 
tory ol Ihe Ouachita Orogeh, Arfcadelphfa, Aik. 
Sponsor. GSA. |W. A- Thomas. Department ot 
Geology. University of Alabama, University, AL , 
36488.) • . ,i . 

May 24-28 Jotel international IEE&APS Sympo- 
sium. National Radio Science Meeting, end Nu- 
clear Eloclromagnobc Pulse Meeting, Atooquor- 
que, N Meic. Sponsors, IEEE Antennas sind 
Propagation Soctety.-USNCAJRSJ CommteakKta. 
Ptimtoneni NSM Committee. (K. F. Casey. Ttys 
pfawood Corp., 1613 UnNeratiy Bouteyate, ' • ' ■ 
N.EL Albuquetque, N^il 87(02,) •• 

May 28-28 Symposium oil the Compost- 
: lion of NemrHsen TrepospHere, WiKtento*. 
btifB. VA. Sponsors. (fcM9,‘ NASA, AGp. (Jack 
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Fi&flman, Mail Stop 401-B, NASA Lengtoy fte- 
search Cantor, Hampton, VA 23665.) 

May 23-28 I6lh Annual Corqroas and Annual 
General Moating of the Canadian Moioorowgicai 
and Ocoano graphic Sodoiy. Ottawa. Ontario. 
Canada (Q Isaac, Cloud Physics nosoa/ch Divi- 
sion. Atmosphrjnc Environment Snrvico. *1005 
Dullorln Street. Downsviow, Ontario M3H 5Tri 
Canada.) 

May 3 1 -Juno 4 AGU Spring Moating, Phila- 
delphia. Pa (Mootings, AGU. 2000 Florida Avo , 
N.W , Washington, OC zrjoog ) 

Juno 7-9 Fourth Cnnndmn Symposium On Mining 
Surveying and Doionrtalion Moaouromonts. 

Bonif. Aiborta. Canada Sponsors. Shfiitoch Can- 
ada. Surveying Engineering. University of Calga- 
ry (F. B. Clrindgo. D n Pitoau and Associates 
Lid.. Suite 309. 1615 lOlli Avonuo S W.. Calgary. 
Alberto. Canada T3C OJ7 ) 

Juno 13-17 Inlornallonal Symposium an Hydro- 
meuaoroiogy. Danvor. Cola Sponsor, American 
Wator Resources Association. (A I. Johnson, 
Woodward- Cryde Cansultanrs, 2909 West 7th 
Ave.. Oonvor, CO 6020-1 } 

Juno 1-1-17 -15lh Annual Mooring ot too American 
Society ol Limnology and Oceanography. Ra- 
loigh. NC (W fiaumoister. Business Manager. 
ASLO. 1530 !2lh Avonuo. Ginlton. Wl 5302-1.) 

Juno 15-IB international Conloronce on 
Rainwater Cl atom System a, Honolulu. Ha- 
waii. Sponsors. University of Hawaii's Wet or Re- 
sources Research Center. AGU. (Yu-SI FoK. 
General Contoronca Chaimt.in. Wator Resources 
Rose, -rich Center. Umv. ot Hawaii. 2540 Dolo 
Street, Honolulu. HI 96822 ) 

Juna 20-25 63rd Annual Moating □( ihe American 
Association (or too Advancement ot Sctenco. P.v 
cilrc Division. Santa Bflibnra. Calif. Sponsors, 
American Me too ro logical Society, Atmosphortc 
and HyrJrospMeric Sciences Section ol AAAS. 

PiK it 'C Division (A E. Loviton. Exocutivo Djr ac- 
tor. AAAS (Pacific Division), California Acodomy 
nl Sconces. Goldari Onto Pnih. Snn Francisco. 
CA 94116) 

Juna 21 75 lllli lnlornatron.il Laser Radar Con- 
(oropco. MMicon. Wiq. Sponsor. Space Sdoecu 
and Engineering Cenior ot I ho University ol Wis- 
consin (J Edwards. Conloronco Coordinator. 

1 1 to internal ion a I Inse' Radar Conference, 

Sp.ico Science and Engineering Contor. 1225 
Wost Dayton St/ool. Madison. Wl 53706.) 

Juno 27-30 Western Conloronco on Wator and 
Enorgy: Technical nnd Policy Issues. Fori Col- 
lins. Goto. Sponsors. ASCE. Loaguo ol Women 
Valois. Council ol SitUu Governments. (0 Mal- 
chott. stone and Wot'slor Englnooring Corp . 

P.0 Sox 5406 Denver. CO 00217 j 

Juno 27-July 2 Fifth fniomaMjnai Conloronco on 
Geochronology, Cosmochronoiogy. and isotope 
Geology. N.hko National Park. Japan (K Shi- 
bau. Geological Survey ot Japan. Higashi 1-1-3, 
Yatabe. Ibarakl 305 Japan.) 

July 14-16 National Conference or> Environmen- 
tal Engineering. Minneapolis, Minn Sponsors, 
American Society or Civil Engineers (Environ- 
mental Engineering Division). University ot Min- 
nesota Department ol Civil and Mineral Engineer- 
ing. Minnesota Pollution Control Agency. Central 
Slates Water Pollution Control Association. Min- 
nesota 6ecncn ot ASCE. (W K Johnson, Confer- 
ence Chairman, Metropolitan Waste Control 
Commission. 350 Metro Square Building, St. 

Paul. MN 55101 ) 

July 19-30 International Association ol Hydrologi- 
cal Sciences General Assembly. Exeter. United 
Kingdom ID E Walling, Chairman, Local Orga- 
nizing Committee. Department of Geography. 
Un.versity of E»eter, Amory Building, Exeter EX4 
4RJ. UK) 

July 27-30 Nmih Into matronal Symposium on Ur- 


ban Hydrology. Hydraulics, end Sediment Con- 
trol. Loxmgton. Ky. Sponsors. University ol Ken- 
tucky's College ol Engineering. Office ol Continu- 
ing Education. Wator Resources Institute- (H. J, 
Stoning, Doptuimont oJ Civil Engineering, 2Q6A 
Ardorson Hall. University of Kentucky, Lexington, 
KY 40506-0046.) 

Aug 2-6 Sltth tniomattonat Symposium on the 
Physics and Chemistry ot Ice. Rolls. Mo. Spon- 
sors. American Physical Society, American 
Chemical Society. Amaricon Meteorological Soci- 
ety. International Commission on Snow and Ice 
ol too international Union ol Geolcgisls end Goo- 
physicists. (P. L. Plummnr. Graduate Center tor 
Cloud Physics Research, 109 Norwood Hall. Uni- 
versity ot Missouri, Rolls, MO 65401 .) 

Aug. 2-13 Joint Oceanographic Assembly, Hali- 
fax. Nava Scotia. Canada. Sponsor, Scientific 
Committee on Oceanic Research. (Loo O'Quinn. 
National Steering Committee for JQA. co Cana- 
dian Committee on Oceanography. 240 Sparks 
St . Ottawa. Ontario KIA0E6 Canada ) 

Aug 2-6 Second intornolional Symposium -Work- 
shop on Soiar-Terreslrliil lnltuonces on Weather 
and Climate. Boulder. Colo. Sponsor. Lock head 
Palo Alto Research Laboratory (Billy M. McCor- 
mac. Lockheed Palo Alto Research Laboratory. 
Dept. sz- 136202, 3251 Hanover Street, Palo 
AKO. CA 94304.) 

Aug B-13 Penrose Conference on Origin ot Flu- 
ids end Metals in Porphyry and Epithermal Min- 
eral Da posits, Dillon. Colo. Sponsor, QSA. (J. 
LeAndoraan, Department ot Geological Engineer- 
ing, Colorado School of Mine 9. Golden. CO 
80401 ) 

Aug. 15-20 Penrose Conference on Models ot 
Diaganaals in Clastic Reservoirs, Kailua. Kona, 
Hawaii. Sponsor, GSA (J. R. Wood. COFRC, 

P.O Box 446, La Habra. CA 90631.) 

Aug. >5-21 Fourth International Symposium on 
Antarctic Earth Sciences. Inglo Farm, South Aus- 
Irfliln, Australia. Sponsors. Australian Academy of 
Science. Australian Academy of Technological 
Sciences, InioinnUonM Union ot Geological Sci- 
ences, Scionllfic CommlitoB on Antarctic Ro- 
soarch. Geological Soclaty Q( Australia. Inc., 

Unhr ol Adelaide. (J B. Jago, South Australian 
Institute of Technology. P.O. Box 1, Ingle Farm. 
South Australia. Auslrolia 5098.) 

Aug 15-22 International Meottng on Generation 
ot Major Basalt Types, Reykjavik, Iceland. Spon- 
sors, IAVCEI. IAGC. (Basalt Meeting, Co G. E. 
SigvaidaBon, Nordic Volcanological institute. 101 
Reykjavik, Iceland.) 

Aug (5-22 IAVCEI and IAGC Joint Meeting, 
Reykjavik. Iceland. (G. E. Slgvaldason, Nordic 
Volcanological frsliiulo. Untv. of Iceland, Geoscl- 
encos Building, 101 Reykjavik, Iceland.) 

Aug 16-10 International Conference on Coal- 
Firod Power pianis and the Aquatic Environment, 
Copenhagen. Denmark. Sponsors. International 
Association on Water Pollution Research, the In- 
ternational Union ol Pure and Applied Chemistry, 
Nordic Cooperative Org&nUellan tor Applied Re- 
search. (DI9 Congress Service, Unde Alls 48, 

OK- 2720 Copenhagen. Denmark.) 

Aug. 22-26 1 ilh International Congress an Sod- 
imenioiogy, Hamilton, Ontario, Canada. Sponsor. 
IAS. (IAS Congress 1982, Department,©! Geolo- 
gy, McMasler University, Hamilton, Ontario LBS 
AMI. Canada.) 

Aug. 22-26 Third Clroum-Paclfto Energy 
and Mineral Reiouroen Cant ertnee, Ho- 
nolulu, Hawaii, Sponsor. IUQS. (AAPG Conven- 
tion Department. P.O. Box 979, Tulsa OK 74101.) 

Aug. 23-27 Second Symposium on Applied Glaci- 
ology, Hanover. N H. Sponsor, International Gla- 
ciology Society. (Secretary General, International 
Gladoiogical Society, Lanaflald Road, Cambridge 
CB2 1ER, United Kingdom.) 


Alia 23-27 Ninth Annual Mealing of Ihe Europe- 
an Geophysical soclaty, in conjunction with the 
18lh General Assembly of the European Seismo- 
togrea) Commission, Leads, United Kingdom. 

(J. C. Brlden. Department of Earth Sciences. Uni- 
versity ol Leads, Leads LS2 8JT, England.) 

Aug 25-27 23rd U S. Symposium on Rock Me- 
chanics. Berkeley, Calif. Sponsors. U.S. National 
Committee for Rock Mechanics, international So- 
ciety for Rock Mechanics. University of Califor- 
nia. (Organizing Committee. 23rd Rock Mechan- 
ics Symposium, c/o Richard E. Goodman, De- 
partment ol Civil Engineering, 440 Davis Hall. 
University ol California, Berkeley, CA 94720.) 

August 28-31 Alfied-Weaener-Conlerenca on 
Geophysical, Geochemical and Petrological Evi- 
dence on Deformation and Composition ol the 
Continental Subcrustel Lithosphere, Seehelm, 
Federal Republic ol Germany. (K. Fuchs. Geo- 
physical Institute University. Herizatr. 16, D-7500 
Karlsruhe. Federal Republic ol Germany.) 

Aug. 31-Sapl. 2 International Conference on thB 
Planar and Unear Fabrics ol Deformed Rocks. 
Zurich. Switzerland. Sponsor, Tectonic Studies 
Group, ETH. (J. G. Ramsay, Gaologlsches Inall- 
Uit, ETH-Zentrum. CH-8Q92 Zurich, Switzerland.] 

Sept. 3-1 1 Fourth Wbrld Congress on Water Re- 
sources, Buenos Aires, Argentina. Sponsor, In- 
iernsltonal Water Resources Association. (G. E. 
Stout. President ol the U.S. Geographical Com- 
mittee, Water Resources Center, University ot Illi- 
nois. 2635 Hydrosystems Laboratory, 208 N. Ro- 
mine. Urbane, IL 61601.) 

Sept. 13-16 45th Annual Meeting ot the Meteorill- 
cat Society, St. Lou*, Mo. (G. Grozoz, Washing- 
ton University, Box 1105, St. Louis, MO 63130.) 

Sept. 20-22 Oceans '62 Conference and Exhibi- 
tion, Washington. D.C. Sponsors, Marins Tech- 
nology Society, Institute of Electrical and Elec- 
tronics Engineers Council on Oceanic Engineer- 
ing. (Oceans '82 Technical Program Chairman, 
1730 M Street. N-W-. Suite 412, Washington. 

0-C. 20036.) 

Sept. Third International Kimberlite Conference, 
Clermont-Ferrand, France. (Fiancolse Boudlar, 
Untverfilte da Nantes, Laboralolre do Tectono- 
physlque, 2 Rue do la Houssiniere, 44072 
Nantes, France.) 

May or Sept. Scientific Meeting ol IAPSO, Halifax, 
Canada. (E. C. La Fond, LaFond Oceanic Consul- 
tants. P.O. Box 7325. San Diego, CA 92017.) 

Od. 4-9 International Symposium on Polders ol 
the World. Agora, Letyatad, The Netherlands 
Sponsors, Department of Civil Engineering of the 
Oellt University ol Technology, Commission on 
Hydrological Research of the Netherlands Orga- 
nization of Applied Scientific Research, the Us- 
selmeerpoldarB Development Authority, Society 
(or Waterworks and Land Use Planning. (I. H. 
Wljkel. Information Centre New Land,' Ooalvaar- 
dersdijk OH 3, 8242 PA Lelyslad, the Nether- 
lands) 

Oct. 18-2 1 GSA Annual Meeting, New Orleans, 
La. (J. M. Latultppe, Meetings Department, GSA, 
P.O. Box 9140, Boulder, CO 80301.) 

Dec. 6-10 AGU Fall Meeting, San Francisco. 
Calll. (Meetings, AGU, 2000 Florida Ave., N.W., 
Washington, DC 20009.) 


1983 

Feb. 1-11 15lh Pacific Science Congress, Dun- 
edin, New Zealand. Sponsor, University ol Ola- 
go. (Secretary-General, P.O. Box 6083, Dunedin, 
New Zealand.) 

Juna 13-15 International Sympoaium on 
aaa Transfer at Water Surfaces, Ithaca, 
N.Y. Sponsors. Cornell University, AGU. (W. H. 
Brutaaert or G. H. Jirka, School ol Civil and Envi- 


ronmental Engineering, uorneii university Hoiiii 
ter Hall. Ithaca, NY 14653 1 

July 18-23 Fourth International Conference on 
Permafrost, Fairbanks, Alaska. Sponsoig, Nation, 
al Academy ol Sciences. State or Alaska! (L. De 
Goes. Polar Research Board, National Academy 
ol Sciences, 2101 Constitution Ave.. N.W.. 
Washington, DC 204 18 ) 

Aug. 15-26 16th General Assembly ot IUGG, 
Hamburg. Federal Republic ol Germany. (P.' Mel- 
chior, Observatoire Royal be Belgique, Avenue 
Circtilalre 3, B-1 180 Bruxelles. Belgium.) 

Aug. 27 Symposium Commemorating too 100th 
Anniversary ol the Mount Krakatau Eruption. Ja- 
karta, Indonesia. Sponsor, Indonesian institute oi 
Sciences. (Dldin Sastrapradja. Deputy Chairman 
(or Natural Sciences. LI Pi JL, Teuku Chik Ditiro 
43, Jakarta, Indonesia ) 

Sept. 12-14 National Water Well Association 35ih 
Annual Convention and Exposition, Si. Louis. 
Mo. (NWWA, GOO West Wilson Bridge Rd., Wor- 
thington, OH 430B5.) 

Oct. 31-Nov. 3 GSA Annual Meeting, Indianapo- 
lis. tnd- (J. M. Latutippa, Meetings Department, 
GSA, P.O. Box 9140, Boulder. CO 60301.) 

Dec. 5-9 AOU Fall Meeting. San Francisco, 
Calll. (Meetings, AGU, 2000 Florida Ave., N.W., 
Washington, DC 20009 ) 


1984 

July 21-28 Eighth World Conference on Earth- 
quake Engineering. San Francisco, Calif. Spon- 
sor, Earthquake Engineering Research Institute. 
(R. B. Matthiasen, Chalr-BWCEE. EERI, 2620 
Telegraph Avenue, Berkeley, CA 94704.) 





Separates 
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$ 10.00 may be placed on deposit with 
AGU for ihe purchase of separates. If 
funds are on deposit. Ihe coal of the first 
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Separates will be mailed wilhin 3 
weeks ol journal publication or wilhfn 10 
days if ordered slier the journal has 
appeared. Separates are available lor 
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) 7 ID Ejoniar I Isyar lltiKtutu and scdcauna. 
TlANSIEJiT UDIAT 1 VE INFLUENCES ur CUMULUS CLOUDS 
cm SUE FACE TEHFERAlUXE ASS f LUXES 
*■ G. BraiUl WlvUtaa ot Cloud CSIIO, 

Sydaif, Aulitllil 

Dlufnil or italic solution* an usually 
eonaldtral (or cidlattn lorelng of auilitt 
ctBparaiura. In ihla paper ahtm-tln# lolutlune, 
applicant eo radladw cranaltnci caitftd by 
Claud MLloa, an doacilbad far both loud and 
acaui lurfacaa. tha ahorl-llaa ipproalaatlon 
predict! turtle* tUfiraiura chtngaa lodapendfni 
oC ••nalbU and Ulani tin [Luna. Th« ihtory 
auuiaia iIm ocaan akin laapardiira will save 
a rtipenaa alter tac than 10 • and 10 vlll tallow 
cbtataa la dwrwatd ln|-u,n 11 m. 

Iba Unotj la luppontd by rtiulra (reaalr- 
kara* rant, (aSlacloa atasurtaaBia btnraih 
clouda. Out tha land iaiocti iharail kurtla 
Mina ajraa doaaly vtili ihoia predict'd frea 
|aolo|tc«] data, Oeamlc obiirviutm* allow 
« vttcoua Iqu iLLcitm lost aaitmaiad vMth 
!• la aireaaaai with previaia direct (lodiosi. 

X* Mur'd l«H»aura aicuralona daaaaanaia ihai 
cl«ud-(«Uii 4 itUatln loulni i* »\|«1 Meant 
'fj 1 * CDaaliared la boundary layar aodtla 

lAtch laHtpoiata clouda. (Claud ahadowa, 
WlM (wpaiavna. thaiaal lamia, otau 
Tit cava liyir.) 

I. Caopkja. lit., Cana, rapar ICII }4 


IFIO loutidiif layar aiiucLurat aad procaifaa 
X-TIlICATHh n KWDA'S rCUEUUB ON THE HU 
Tuxim cnmnims or tumuli in runzi om 

TKl OCEJUI 

X. TaauJ* rcaephyalcal lotittuia, Faculty al 
Scltoca. Tcdieku Vnlvarally, Sandal »M, Japaal 
A hull Mihod la anal aullabla to tha Mil- 
an Ion el turtuiant liana war tha vlda area al 
oc«m bacaua ihe flioat are uilaacad nU via 
A* vaual aalaarelDilea] data, that la, ijta 
wind apaad. the air taarriaiura, the faoaldLLy 
and the aurtaza luyaratuti and. Ui umiki 
cl iha bulb Ml had hew Im recently advanced. 
Paitlcmcly. a aclhed piaataiad by Koadet 
aovadMy-Lciar Kataoi., *ol. 9 , 11 -lU. WTO l» 
eary ana Hint aad w H Mid by aacy raaiwchara. 
In the p re a re I work, ll« foraulu a( Ui« balk 
(tana Far rMUlclania lot tha aaaaiitMB, Manilla 
and vapor Ilvxea praatatad by hla an 
r if o reed in ortir to aapllcltly ilpiaai tfte 
Miaoca el «ka ikMiy aad U mu to U sully 
Wiled ia On varleua p ret I r re la tha itaaa- 
fbarlc boordary layer Irelultai Uw a* Uaiilod . 
•I (arbulmt ftuua la tha nndUIooa lavblth 
tha (Fitreal airaclllcailoa la Mhawtril aaS 
Iba ebaartatlcn baltfiia of wind apaad, alt 
Ureiiniaca aad huaUlty «• gllfavaM lire aacb 
Other. Iha itUtlvo dUrarmeaa batvaaa the 
valuta of iha balk (■ Haiti- coal Melania by Iha 
vaforead loreulu «n 4 ihn'vaLrep. by the atlilna\ 
KMdo'o (emlM It* fairy aaali; (h» trewfar 
.. ceenicUfiia, larbolmi llaiu) 

•'.• 41 * Whfltai Oalw. , -Bar. & tTthoVn OaWrtna, 
Jtmrn.), Vol.*l, |ln. 3 . 1981 . . : 


UlO B.iundarv lay it •*, ru.l'ir.w nnd | • i. ■« 

SURFACE WIND ANAI.VMLS n,K HUS A T 
9 ■ B,iwn (U. fii , .if Aintiu|ihi-r I S, I i-ntcH . As* - 40 , 
Unlwrnlly nl Wnalilniflun. Srllllr, VA 4 BIH) 

V. J. Cardona, 1 , l.uvni-i, I. llnwhln', 

J. L. "vvrland, W. !. Plurann, t. Palvbvrvcli, 

Vilbaraan. H. n. volie»hvn, h, Vuriaju 
To valablfah SFAM 1 heflonr wind ooiiurlnA 
cnpnblllllaa, the beat poiaihlv nurfare wlnda 
were naedtd, rariusatalv, during ihu- W dava uf 
SEASAT cparailon, iva large acaJa aApoilaunra 
ware conduced. Tha flrat, tha Uulf of Alaaka 
EaperloBDi (C 0 ASKXJ, wav directed at obtalnlna 
data In conjunction with SEASAT. Th« atCond, 
the Julnl Air Km lacaracttcn Expwrlaent (JASfH> 
was nn Indapondant and ouch ante coaprahanatvc 
air end «a Invaatlgac loo, nnd loriunalrly 
pravldud aicrlltnt conparlaon data for SEaSAT. 

In addition, several eionu provided pood auall- 
rallw coipgrlnun wlndriolda. Since rha wlrd- 
iloldl have bean dpvaloprd Independently of 

.i U u,n4 ** ,hU P«P 0 >- d«lB only 

with ihe aurlare wind analyala end lie accuracy. 

A uubaaquani paper will ua, then, taauUa to 
UlacuAs iha latalilta aenaar prediction* 
coapnied ro iheae data vela, 

J. Ccophya. So... Grain, P.p.r lclTl# 


I, 11 thealcal coaDOaltlan and chaolul 
Intwracdone 

M* 'Illl-PACIFIC ISOFOSPIIEAB 

J. F. Noxon (Frill Peak Chiar valor y, Aerucn 
Laboralary, HOAA/EBL, Boulder, CO B 0 103 ) 

H ° 2 |B •?"««* »• >»• rlalns 
^ » un , fr<1 * Lo», Hawaii, give a 
red"hclf?o*!L! 0r !“» « 3 ** altitude In tha 
0,ph,r, ‘ H * ,0,al MrUUcoa of 
, , , Mwrred about chi. M aa togatb 

« ullh the ayateoatlc aeclutaal docay areactad 

aphurlc roluan abundant' ol m- exhibited a ear. 
taint ion wlih th . warlaiion „f w.T!!: * "[ 


SbronaVST ln J 01 " » th» 

■tronRlh or cka trad' wlpdl and My raflacl an 
overall rising or elaklu aotlon I,, ,i, -i “ n 

f srssu, 5 r 35 ia ar sS'ur 

te^rea'. p,oduti,o “- " 


Particles and Fields— 
interplanetary Space 


MJO Mod 

«ta«p*nUj*7rM^weUvijAi? f y 

la cirriad Aw,.'" 

-<•1 


ware are traced. Tha kinetic anarfly chanja P* 
tha anaanbla of taat partlclaa is eonputid l# 
aaclaat* an amctlva Landau daeplng rata *» 
tha Mgaatoianle wavs. Th# nuaerlcal rawl*® 
are coopered with Ihe linear binotic throrp or 
Landau danplng and Intarpratad in tarca of * 
■tnple phyalcal picture For parctcla trappiaB- 
(Kagnatoaonlc wavai. Shack, Steepening. Lindao 

mSSlfe,. Sea,. Blue, Paper LAlJAl 


Particles and Fields— 
Ionosphere 


1101 Alrglov 

SPECTROSCOPY OF THE EXTREME ULTRAVIOLET I 1 ATBW" 
BURT B 0 ACTIVE SOLAR COTOITIOffl 
E. P. Cane leu (NASA /Goddard Space Flight CenllTi 
Greanbalt, Karyland, 20771 ), F. D. Pelitaan. 

*. W. Eaetaa, and A. S. Chrlacaaean 
EacriM ulcravlolat apaecra of Cba daytlne air- 
tlow in the ranga S 30 to ISM X ware obtained « 
b.S X reaoluclon froo a rocket aaparlBanc lauH*J° 
27 June I 9 S 0 Fron USHR. The launch occurred »“ r 
Ore period of peak aal&r cycle 21 acttVlCF- * 
llab viewing gaaaatry waa utllleod to atihance 
■aiaalooe orlglnaclng Eton < relaeular nifroi 1 " 

eourca. Hunh of tha ptavtoutly obuatwad apparanc 

cootlnuua aaiaalon barwaan 800 and 1200 A la rroa 
XI and Ol, A nuabar of waak tranuitlona frea 
nolatulax rvltTogen iin|lat aiaiaa hawa llM bare 
identified, A eaaperiton at tha abiarwed nbange* 
in Intsnaity ln Mviril Nl and Ol enlaalooa 
be tween 9 January 1978 end 27 Juna WM LndL««“ 
that at 220 fan (I) tha atooie-nlcrogen d*M«F 
hu Incraaeed In naaea of a Factor of thiaaj 
( 2 > tha anlat EOT II ux fpr 1 < HI A h»» 
whataae tha Integrated nhotoalaecron flu* “J 1 !/ . 

10 aad }0 ov haa rreaload unahmgad. (AlrgU"' 
HitraM ultraviolet apectra). 

OHphyi. Ran. Latf., Paper 1 L 1622 


SSI0 Alrglov • 

RADAR AURORAL OBSERVATIONS DURING A BURST. 

OF IRREGULAR MAGNETIC PULSATIONS -_i. 

' C.l. Ealdoupta Otaa-Planckr-IMtltut -fUr, 

Mil KatlanbuTg-Undau 2 , F.R- 0 .). *■ HlolW 
J.A. Uni cat, A, Igalaod, H.A. Chlvarc '• 
Hlctopulua dona data tmt an auroral 
are covpared with concur rant STARE t* 4 * r 
vatloni tnde;tha B-raalon ubova.tha atat»o . 
2 ng a tubaura 'mat. Iba aubatdre 
by a dtta&g but at of -Lnogulor pulOtlWjB ' 


icoo^Bkilid Afanirft iatcnairiMtAe#* ^ 
equlvalaot tvrraoC, 'tha bacbaoalluF 

end .K. -1 .v .. TV. uanatla F» 


tha tlomat't nbaerytlon. Iba *ae>aU® ".L, 
fj pulsation ooMOOMtt haul • "••“•“‘.JSTIf 
1 OF corrdlatlpo aid Mia polafiiatioo 


*tor okhlbtM 
i„,- ,w _imit*a #> l* r 


dal load cbdnsM during th. flret fd* 

ouaat. The radio signal imdargoda deop 


Odlc fMlog Xkv* la eldboly .** 

oua FII. replitudd urlatlOoa. Tha radat Uoyp»« 


UlAOOi. ahl illC* 

d 4 Ug vhleb chov <lucs’«*tlon* In "J* 1 

Ares Are B.lA^ 9 .. 4. 1 u fabaf 4 Ml O* 
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. ........ hy directional variatloea of the alac- 

k"**" 1 :. ......a that tha PiB nuldltfftna 


^c'fUld. LB Lb trguad that tha PIB pul eat I ana 


'Lithe variation* **en in tha backucattar are 
“ 7 ,„, lna fbangsa of the lonoepharlc currant! 


!«utl*ni i" tko fleld-allguad eurrante Flowing 
ll lh» region. Th* pceuLbility uleta that th* 

IP gii* .aaj pit nrJc lnir rel inn mil aaPliun 


rt to B««oek and HimauclfBt (19771 - 

(IllctrLt Field** cagnatic puliation*, particle 

5 !‘cw”I! 0 £».. Fnpor lAiStb 


nn AuTOrAS 

■awrRlED VS AH D/OS DISCRETE ARCS: A THFifE-lIMEN- 
Slptt WENOHEHQN Af BOUNDARIES BETWEEN MAGNETIC 

^itllnson (Herzborg IniLlluU or Astrophysics, 
Nitiwal ResoarcH Council. 100 Sussox Drive, 

OtUaii Ontario KlA 0 R 6 ) 

If dlscrtt* ires and Inverted V's are associated 
vlrii current shuts and tha U-shaped electric 
potential structure , then existing two-dimensional 


Lj.h are probably tnidequate. The rapid east- 
uil (laetrlc- field associated flow In the ares of 
i» D-shaped potential structure requires that 
bit nist be a substantial Inflow to and outriow 
Free each aim suewhera along the system since 
mi and Inverted V's have a limited east-west 
utret- Thu * >Lrong north-south polarization 


currants occur as the plasma enters and leaves the 
lies of the U- It !■ hypothesized that these 


currants datarelne the north-south thickness. 

Tbrae representative thrae-dlmenslondl models are 
considered In which the current sheets are either 
Unpatlal or rotational dl (continuities nodi fled 


litHill-uhiped potential structure. Thicknesses 
ol tu order of a few tank of kllowters are 
obUtaad. Tha oceurranca and type of disconti- 
nuity *> pec ted at varloui locations In the 
ugNUiphire li coni Ida red. Discontinuities and 
tance inverted Vs and/or arcs are eapocted at 
th* Interface between luward and anti-sumard 
Ficus on tha evening side, at Interfaces In the 
polar cap, possibly between open and closed field 
Um, which explains quiet Lime polar cap sun- 
ilignad arcs , and at Intarfacas between plasmas 
diirii haw margad or bean Injected on tha dayslda 
« nunnactad on tha nights! da t« different 
liphlva events. Tha last two account for ores 
gccurrlag naar tha throat at aettva times and for 
jinWtl arcs within tha oval. The occurrence of 


loag parallel arcs within tha oval Is encouraged 
bj the cwvect Iva flow pattern and by tha dfffer- 


uu: in precIpUatlon from flux tubes with 
jlffirwt histories. (Discrete arcs, electric 

il > l&tive- r tee^i'Elue< Fepc* 1AL86S 


IS 10 Electric Field* 

CUHMFA RADAR OaSKVATIOWS OF THE ELECTROSTATIC 
FOIDTIAL DISTXI 8 UTION OF AN AURORAL ARC 
0 . de la Baaujardltrt (SSI Intarnationel . Hanlo 
Fut, CaMFarnlii H 02 S> It. Vondrek 
niirvitloni af a prealdnlght eutorol ere ware 
uli vuh high teopurel aad ipatlel reaoluttos, 
ui«l iba Chaunlka Incoharant acattu radar. The 
uc vaia quiec atat-vaic aligned arc, about 40 ka 
will, that drtFtad (lowly through tha radar baas, 
■Ukoit tppreeLably changiog La ehapm or 1 ub 1 m«- 
tlr- Ibi dtatrlbutlan or lonoepharlc alacirlc 
(loldo tad eurrante osaocletad with the arc wara 
(wnud (con cho ten dually tnd lLnn-of-aighs 
<ilKliy. Th* alictrle field was 30 nV/n outelda 
Iti lie led decraieed to a low nV/n wlthto tha ore. 
H* taLiootil potanltsl drop wot ooly-a.b M 
•iimi iht arc, ly deconvolving tho aloctron 
Eaaalcy proflloo, dlfFortncial anargy apaecra and 
wlmHy dltiTlbuiloni wara obvoioid wilhin iht 
■rc. Froa theeo, cha accelerating potantjal 
(Utllel to th* nagnatlc fiotd ilnaa w*e aadiuieJ 
" **«h\ tachniquaa. One cachnlqua nake* uaa at 
utcflrlcal relationahlp baewean iha paralial 
(v'liailal drop and iha total electron current, 
nt icteleretlni pauoru) raochod J kV at ih* arc 
<«Ut. Tha paralial potantul drop within Che 
«! li raoblned with lonogpharic olactrlc field 
Mnneanit to reconocruct tho aqulpotenUal 
ccaieura abova tha arc, (Auroral aico, parpan- 
_ ** r alectrlc Held*, cutranta, lnvurtod-V, 
.* 1 * 11*1 Poland*) drop, Inc oho rant scatter!. 
i- teophya. Blue, Paper IAI &07 


'JS^-latltudo lonoipherlc curranti 
T™- 1 * l ff Hl ® 1 lATlIWE CURRENTS IN A SUBSTMM 
" Srty (DepertMflt of Speca Physics and 
SJIJWi Wee Unlvarsity, ilauitan, Tbxdi, 
WOt), C.-E. Own, R, A. tfalF, M. Harol. R. X. 
Ill* 

■•••l Is diva loped for computing 
W|> alectrlc Maids In the area covered 
i J' P*l«»rd sat of Flnld-al Ignad currants 
}jro*a-l llrkatand curranti). Tha hlgh-latltude 
JT, “tjldarad carries mast of the westward 
imiu 'S * 1 “ ■l“* t potaward of tha region 
UIU" tea Rica Uhlvarslty computer ilaw- 
«rr!li!ai <b * #v,ri th< tnnor Mflnatoiphara and 
Ishle ' w, 0 , Phara)i the present high- let t- 


iBnoapnirofi enn present mgn-ioti- 
h!m W !I 7 i> ' ’Sf* 1 * •“PPtreanii tea Innar-maoneto- 
,,t,ani 10 "te* th< " "Pd p t> global. 
llm ^.. C,fr « 1t 4nd * u ror«\ ly enhanced conduc- 
,w # 10 Ni uniformly dlitrlbuted 

* rM pol award of the band 
cm, 1 1 * *° ba an Insulator, while boundary 
in JUJ* * l low-latltuda edge of the band 
IffliaE - ,ro " “a re cults of the lorer- 
tk., C ^? uUr s'nv'aUOns of the tubslom 
i Z J.r ■ Wtuffad on Saptamber 19 , J 97 S. Tha 
« «u 27 ??f flt _. 60 ,, ri ut t*»*tjF ■odel “*od If based 
lire tuS l I UM ‘ ir<1 mean energlos Matured 
electric MUlllU. lonoaphartc 

tu r rents are calculated i 
•Mil lre ipglPPted, 

iltorle of ,ha Ideations of tho 

^ iium. r, If rHl , * riia w11 w,lh epical 
iprii wJS'ii 1 • b »«re«tftni. Iht model alio 
uifclJte frm Septemhtr 19 , 1976 on 

'•Will mu*u I,,PI ’ namiy> **" f a ld 

^•icwrenl KCUr * pol *" ,rd ° r ttH teilk of 

tefarrnd frli.* 1 ?., l ? a u PP Br atmosphere , as 
irlc t *)^ ,rt Ittol , of currents and elae- 

4 HM iJ , 1 J" te* Mgh-laHtuda region contl- 
6 »Ik uV ?*? ! uvm te he about 2 x 10 l 1 watts 
'I Miff* P ar, M. aonewhit less thin 

(region.* for the lower-latitude region 

■iff J* W«i. Kadel values for tha 
IMi buii'. Wa •'•'freJat and tha amount of 
hPMd Sr! ?? ■Jtf** *!> w ,, hus * an with resulti 
S ttolwliiiiil tewllng conductivity band (with 
(tas purie ‘“reant flowing into the bind). 

w-L.^rexts . a lac trie fields, 

J> » * and rerrents.) 

"’*■ U, -» 1 A 170 L 


Low'pheric Cut root* 

°* W» EVRKIMQ BECWR 
cUiOrTiar,™™ n “ uni0B -* 'IEld-alichro 

OlT 1 ?“?*• FhsaLee Laboratory , ML 
J" 11 ® hri, CA 94023 ), R, R. 


“""i* p * rfc i CA 94023 ), R. R. 
0 ut lt ,r~ *■ *■ PotMT* 

"•OnouiJa" "‘•“■■t* were oonbiwed with 
"late is, f*on the Tried natal lire to 

!c **ffar, PMpa«taa of the 


!?**«# Pwfavtlaa of *»>* 

'’"hlMC.t/ 1 *, oorrnnt*. Radar 

JEwdfmi hr «, i aldotron done My docs warn 
* , * ta 0’l [j a */^ lt j f vi, >l'’ie during whlab the 
■“tally Mold-all rb ad current wee 

,Un te" foEof field Of view. In all 

J® ^ffeloTilr^ 4 euFFmit tag Lon calaoided with 
'ta e»th • e E*Wn Oonilcy that lnareaaed to • 
'•*"« ! •'•“•FOFUOtd boundary (if the 

"W-d *.',:.?” V°gL»tad with noaiwi E- 
at . A ? M 1 * AO* el/cm*-. Tha 
? ,rut *tiiidi^ y th * ™Fr*nt ohaet'va* n)wy* 

5 ^Ua?!iS* -*im«i. to E-regL "0 

5*, u »'*»*m!^ *• *■ eh « imterfoce *ro.. •• • 
Jrita oorJwt^PfmJUular current wan gun- 
wt| teln the dowpwnt ourroot 
? n *i Vi. 5o!li I"* l h* northward lonoopherlo 
wild, w^hite. field-allgond our-; 

fa good ntrMnnb with thoae • 

ara B i!^:.; <WaM 1»ntna4 ourranta,. .' 
J" «»>, ‘PiMMon, .oinotria fifldn, dlffuea 

Blue,- fg pfce 1A1630 ' 


?955 Interacilonn bei.vmn wares and nartlcloa 
S.'I-TT-.i'IB « 11 ‘ Kil'.XJ 1 'HWIC IE«T|!M 

C. Voathnrall, J. l. rtiMrtji. h. I.l.h.l,,.,. 
tlwpt- <-f PUyolia and RalrvirT^, liulrersliv ..r 
lovo. IoW 4 >’ily. Tvwa *'. 4 . 1 , 5 . |. . 

•I. V. Anldnan, tnd 1. Kanten 

pora-et-r, oh«rsci*rldln,; inn rl„,,.ivm.. 
l.irnapborlc 'lmtirig faMlIty, iho lsn,-.-.,|r wnvn 
ev..l\lLlni, W. Vh« Pm r«,l! 0 Ctl--ni I --.l ill ..i III- 

■icotor ware lnvnlrea an ncriiHl*/ iwi.-eirnr. 
Inutacl I l<j> W !"W l by a 1 1 1 o 1 . .uni 1 j, -In i- d 

IhrB^-dl.r'nslrnni nniii,.,, i.iilapn-. Tlin r«- ' -il i 
prrtvldo, or nltfrn.ulvn arpl mini l..« f..r m-rioi,, 
oiporheiiLaL f.baorvatl>»,£. i l.m. -aj.lier.- . 
)ipi>*.liu., a»lll„n > 1 
J. Goapliya. non., BIihi, Papoc IMfibZ 


qualitative agreement with tha diurnal depend- 
•nee Predicted by a iMomtcal model of the 

tinoiiDnirlr ifintlfu ji hlmk i.nia..* ■ . . 


lonoipherlc dimity at high latitudes under 


§140 Ion dam I ties end temperature* 

observation; or the diurnal dependence of tw 

SATELLITES' 1 '^ f ' m,W ^«™BV MSP 
0.J- Sojke (Cantor for Atmupharlc and Spue 
is!!*?”' “ ta 5 SteteMI vanity. Logan, Utah 
B4322), U.J. Raltt, R.H. Scluinl , F.J. Rich and 


R.C. Sagalyn 
Data from 


Data frw tha DKSP-F 2 and F 4 latelMtai Tor 
the period Dacanber 5 - 10 , 1979 have been used to 
study tha diurnal dependence of the hleh- 
Iitltude ion density at BOO km altitude. A 
2 . h ^ r ' od,e,t * 1n tee ilnlaun orbital den- 
sity (« 0 ) during « crossing of Lhe hlgh-latltude 
region Is observed In both the winter and suaner 
hanl spheres. The phis* of the variation in HOD 
is such that It has a nlnlsun during the 24 hour 
period be twain 0700 and 0900 UT. Both tha long 
tarn variation of the hlgh-latltude Ion density 


i'.rn W ■ vii pr.'P I*" <nn 

“Il'Hi.WIi Al lyV ATfM'i ii) ognin u.«V, . , ,i .|i, ,., 
|i'WWFI:i ID WAVFC ; CATl'KATIIil ami hi ri Vu -., , I.-. 

iwatsmeii v.shiAHliin 

P. *>iul>hi- lili.-l'lan-k-Initliui i Hr a.i.h- .J... 

T— I * aailfahuiR-lloJiu I, uihinv), M. l.-f-fc,, 

I. W. 1-Miei jrd T. Roblnivn 

Thr pbinanan.ui nf wideband at irmi.i, i. •. 
■namilau* abtorptinn r.F an Hr wire in IL, ► 

region aubjicitd to 0.^11,1-11 1 vn b. * 

Nr vavr, bn baan aailurad uiinn *fca Tf -~,J |L- ■- 

tin* Facility. Two typn ol ,cmli, wr>l 

In a qilat F-raglnn aituatlon, thr on anvil i.n 
•nniinud to appraninittly IS dB and JiJ r.| 
change utirn cha airactiar rUIataJ hail in , 1 P ,...r 
v>» lovoraJ Fron ItO HK to JO m. In a i .ruM, 
F-rcglcn, Indleitad l, . High fadlna ret.- . r cl. 
dlagnottie wava, tha abaorptlan waa c.nnu.t-,- 
ably laa* than IS dB and ihowad a iti.ip* d.-p. k- 
dfnea on tha htarlng povrr. An rip I -Inal ill., i.,r 
hath if fit ot raaulfl I* ariarad be v.lvrdln. • 
laeanl thacry ol Haa aod FaUr, 

J. Gtcphyi, Raii, BJiia, Papa* 1 AM 29 


b-r ..lllbrill inE-.t, I ,rfv •li-n.-r.d.-i.t 1 

*•>« •.'■li'tlw' • •’ —T» -I f.i“rl ,»t Is vinrl i ,»t 

In. lw!. J Lit *)■■• t.-i..r r itn, nlc. j I I.n ,t - 

rl« A I. hn-wn r,-r 1 r-’ril. ular - I'.r ■ 1 - ,nj d.'C ■ • I ■■ r 

•-.-•il-i »»..*•• J.iriit.t. 1 I., '..ti), 

|r li 'mevmI, I hi- — iff | ■ l./i-csf.i. . 1 ..., (|j (■■.■ 
r I- t Mr-.'m f ih-n -..l.i 1 .. .- 11 -,-i.ir. ■■* I . t ah v.irt wJM.- 
In ll.r il T . at .* t. J • r. .-nja .-iI.-i,* n 1 ) 1 / 1. 1 l)ir, 
(■'I i Ini I --p.-r nm r.,|t |r I . 1 vlulii. ■ |, n... 
«.iifv |.. n. .nr.tl.-lv I ..r *. (li 

Mii>.it.t 1 (if*.-l, t, n.-r > ,1 1 , - «ncnv yr-i% • ih.', 

I». .in.| l.l . 1 !l..\ f.. r II 4 ). -,. 1.1 |,. 

Mr ml |..| II.. r..it «'..ir.it»- 

r it cltt. .v *--* 1 ! .,) ,liinl..| a . 

■ (••Hil l, v, U,l . 1 C, Ml. I 


Particles and Fields — 
Magnetosphere 


.. .... ..ij.i-ninwg ,un Density 

on a tine set la of days, m tha orbit by ortclt 
variations at the sum geomagnetic location ln 
the northern (winter) hemisphere for tha magnet t- 
cally quint time period choian shM good 


* r.iv,, i 1-1.1 r.r. ..-,n. i 

IKVIvvIii-: nr iAJ"W.».« lit,* I,,,- iiivm Ain i 

F. '• Mnn'tiv IA[>|>II.-J . ...|-I„H|< » l.i)l>l ll-lv, 

iv-p irc-.-i.i 1-1 ■I||,|,„- „I.| Ii.-I.il I „| K I,., I T-n in.-, r i 

V.i.lll 1 - 1,1 v.-r. II-. , ILMn 1 I -. ,|c , ,|. , 1. ■) . 

l.m.idi 111 % .'.Ml R . K.-I.l 

Ib» I 1 1 , 1 ..., ii. n|>,>. It..-, t, I -lit i I ■- 

in i.f 1,1', .,nJ II, ..n th. ,i.iwi I 

Will pr-'l'l.- a I ruins , I- 1 -r.K Inti ii-r.i , 1 1 . 

Vr nlnn, lll.il 1 1 -- ■■■llllli.A -I 1 1 .,- .I,.... | It,. | rllrl. 

<■NU.lll.-n Al - r li.f m Ilh. ■int,... v n I , 

uln-fv ihf ■ l.r.-iil, A i.,rn cl.. .r|.| r |< ii , r ,-. t*.i 


3703 lew ahoch wi/a* 

nUFACT ERISTICS OF THP |TP WAVE!) AS?iV|*tFr. uj rH 
HFST 1 EAX I 0 X BFAJC 

H.H. Hoppe (Inmtttwtcnf CropLynl'a, ' n Ivors I r ,- »| 

California, Fob AnRc-laa, CA Wlit. r..T. F-ia.cM, 

f.E. laitnon and I.. A. frank 

Thia report doicll!-** -* now dan .«f npair>-tn 
viva with relatively high Iravienriea I -1 He in 
»h* apSCO'-ralt fiooe ol raf«rrnc«> and ,-jII 

< 1 / 2 | pan* la gcikl c«-piral with *►.■ 

•Ola r 0 Mori latgoa Oaplltuda /‘S/ft-.l I lw fr. -,-,. n- 
tj F.O) Hi) upotrnaw waroa. [haa* viva* von, 

Ural noliil In auoolilli'.i with tei-i at l-M r. - 
flnliJ hick uyttcin it th* l*>w ahn.-i. .ifi-'ir in. 
In EonJuBCClon with a-cse l-j| n-n all .-I i„:h 
fcaaaa. Rirlhir work c.nflrni iha ai).->t Ml l.«n 

th* Wave* with tha bouii Iha prricc(« nf o f r.i-i 
■ppaaaa Co ba a nacaaiory e -n-lftlnn Ir-r tt- 
aarvailsa of tha wave*. Ben prairroa l« rT 
not o wiFFtaiant c na-lll Ion (uc *«l«t<-ciiD ul 'hr 
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(See othoi side for information on usd of this Cnlon<l;u) 
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@ Regular World Day (RWD) 

@ Priority Regular Wsrld Day(PRWD) 

<&> Quarterly World Day (QWD) 

v also a PRWD and RWD 

\-2- Regular Geophysicol Day (RGD) 

i9 jO World Geophysical Interval (WGI) 

[3 Day with unusual meteor shower activity, 
Norihern Hemisphere 

$J Day with unusual meteor shower aclivily, 
. Southern Hemisphere 
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OCTOBER 


NOVEMBER 


DECEMBER 


1983 

JANUARY 


21* Dark Moon Geophysical Day (0MGD) 


20 IncoherenI Scoffer Coordinated 

Observation Day and Coordinated 
Tidal Observation Day 


NOTES! 


1 An Alpine Experiment (ALPEXj. of the WMO/ICSU World Climate Research Program, continues from 1 January 1082 

through 30 September 1982. 

2 post-SMY STIP INTERVAL XIII (started 1 December 1981) runs Ihff>ugh31 January 1902; and STIP INTERVAL XIV Is 20 May 

through 20 July 1982. 

S. Middle Atmosphere Program (MAP) begins i January 1982 arid runs, Ihr^ugh 19?5. 
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11 SO EOS, vol. 62. no. 50, December 15, 1981 


wvii and no dwr r>irruLai<"i hi* n 'i ) 

tnnim Lua fx.vracCIci and ' '•# gr*.*# r.i J' - 

sines of (Fi aura. V.: rre/<- mrd 'him i*rira- 
tl»m of ihe tain provIJi'l t '■* >-..fc'F-l .id) 
IEPEI-FA pig. n #n#Lytrra al-re, will, w.»i«. pinjll* i 
obtain#) K( Itr ISEF-l ail -J tj.Brn*. Ii d 1“ 
probing i l>on a lalitlmiiMpi, 

In uddlll'in cagnnrraiisi V nli- tin- - •<!.<»■ • 
■lari vrrr need tn .lernrnlni- 1 1 . »- lnirlrilr yl- 1 — 
■rllra ol thuc uiaa, -lain* lh„ .inltvii ••-# '•.« 
point oreiureaam# (a .alcil.l* iM illnin.,»* 
rijpplor I h I f Lin* nf f*r| o. froilie Hi -..n-.IT it* 
that tlfnv an rlghl-'-nnl r 1 1 If' Ir nl 1 v pnl.,r1r-l 
uMailrr and! wav*# villi pU>-i teal fr.-r In- 

qurnrlts ol 10 - 100 Etna# |K# prr,ir-n g> r- . I i 

cy and vaviti’iiha M 00 in. It* u.iv.n tend i- 
propagate In Ih* ptlnn fiii-.i.* h . I h,< Inal I*F 
dlrrcrl'in and the eater wind ai snute-i win. 
tii;rl ID lha aaRnrtle f Lai d Jlrortlun. O* ••■p 
velocities •itlnntaJ froo to U tIji'.i Ihtor/ F--I 
lufia p| than fraqgenclee (revel frp In th#- 
served direct lens ala often nor null I? lam I', 
allow Ilia vavu to inch ih# ipacrrrelr at |kt 
tiara of nblc rest Ian. Thle erg'i** r*Ji"H the 
paaalbllll; that Cha w.ivea could have prop-vtatel 
upatrtu to the aparacraft (sill lor from lt><~ 4:w 
ahack tiaall.llSIR, ups tress wlvaa.i , 

J. Geophye. ha,, lino, Tapir IM1I] 


1130 Interact Inna between Kin wind and 

aiiaaloipliii 

ION CURHl-.r In A lur.HlrK srufRAL HUCI'-V: 
CWI«ni»H tlf AN IWIVUMT KW-WlfMPAL'RE 
E. t. Whipple Li en ter fi-i itvlcnphralrv .iu 
Ipji* S, lonrii. Vnlvoraily • -! laUternls nt 
5jn TiIvrx, la Jolla, Callf-rnlJ >:«>>■ . -i«J 
H. B. MUwltrh 

Ur al'ulnri the curtrni . - nirlbnirj l, Urn. 
trapped In the wit lai If v .'I a nieiu-ll-' X-llnu. 
The K-IIno |a f-rarJ liu-i lliu lop.-rf -all l--n 


dipole pnd a unll.sm, tint l-p.>ral lal r-.'itl'«t I r 
field- Hi* Bfilt-n (|giHKt #" a "P"n m-Jnl /■•! l h -' 
cuignuti'itpherel lua a" Meld with aqul" 

[H'rentlal rMitili llelJ III"-# and with an 

aHvnpmti' buiaavl.ir -■■!* ih-'i •« J a"* 1 d ta- 
rnnre the ,>le<irl- lli-M Ii volf-tn In the 
t :-.|'Ht,illre M-n. In I h« r Janet V mwiiral 
re* inn E la -till'd rJ the X- Mho l«aanl* 

,|„lle. [-.li lml.le.il within .lt-."il t.m- f»l-.leiallh 

fr.o ihn X-I|n.- nr. •.'rioted nnd Hra rl'-tatl'd 
a l-ntl Hie X-Ilnt in l.w*r kiln'll' ant Kin !■» 

Meld, li-8' I.WH e.rnp.. fi-T tl.e 

nvnirnl ri-i.h*ii 1. Ip la.'l’l ,»]e. I i.-n ne.h.vilm 
lain. <iDli.il i.ihliu alnni: ..pan d.i*ci>.|U It.-ld 
III, on. I h.- ne.it rn I ri-ul.-n |..n nirrenl l» .lrl- 
n.ilh.il and rJileo very nr.iily .. f ,n I tl'e 
davalde -ia ptoJ|-ltd by All veil, wla.n- ■ l" 

I lie i.fdl len* I t..-Ji- p hul Is urn 1 1* I hi i' ..n l he 
nlalital'le In (Mo aer.-.rdor r.ilf . il.nl l-n. l.n 
rnor* Ital Inti rote and ea-.-aplii-. p Iteh-.m*! e dl>- 
trlbullr-nl alo eol In.iteri. llio elf.'-i »l the 
nruiral rr*|.n currant la lo eriund tlio upnni Ii 
neutral line Inin h neutral ahreT In L'.r n-.tih- 
a.'.llh dlrrdlin. Thin leads in n ponlllae lerd- 
harl r.-rhanlan uhprrl>« the greater verllial 
i.toiil th* rout r.il region pnMrn led fnp- 
ture, mui In* a ntlll larjur 'urrnnl . 1t"i» a 
■ujtnrtnpauae-llbu oll'hl'irt will t»* rapidly 
lorcr-l Ji.r rwen vl-iv arall lit Idem plnar., 
delta II Ira. fKlgl.u|..p tune, |.« OirrnK '• 

J. Gfuph/e. Boa.. Blue, Kapnr LMJH 


5>3J Hijiiatlc Itormi 

COHPurta $IHUL*TI(W or ihner hignetowmebic 
DEM fUCS FOR rxt MAGNETIC 5 TOSH OF UUL* 20. 19/1 
H. A. Mir (Span ftiyi let wd Astronony Oapl.. 
Alee Unireri Itj , Houston, Tom f/001), H. 
Hiral , B. V. Spiro, G.-H. Voigt, P. H. Sal FT, and 
C.-E. Chen . 


Ua nristnt pral lalnarjr rosults of applying th# 
Rf» nodal to th- «rly «'n phase of 
tha atqriUc (tarn of July *9> ‘ . . r |r 
p liter nodal solf-cMalsUnt'y HglSlbl- 
flalds and currenti. ai Mil ** pla*™ dlstriou 
Hans and yelotltlos. 1» tile lontr-nugnoiosphore/ 
lonasphart lystan. In tha r qua tor la I plane, the 
region aodalad Includes geocantrU dlitincei lniS 
than about tho aagnatopiuit standoff distance. 
Partlda Ion, parallel electric Helds, and neu- 
tral atadi are negleetid. 

Baled hi solar-ulfld pifwlin and Mia XL India 
as Input, the aodal predicts the Inject lee or 
elasaa-ikaet PlilM to fore • substantial storH- 
t(« rlee current. >*• total strength of the 
■ado (-predicted ring currant egraei accurately 

"’^7w , o’T i t£.‘ l ^V , r. 5 ult S with alactrlc 
rtelda and llrkaland currents neasijrad hy S3-3 
i hows (ua) I tit Ire agraiMnt bet Interesting q*en- 
tltatlva discrepancies. taring this e»*nt, 
reg|on-l currents, rfMch In Standard cmnctlon 
lhaen mid cewiect to the outer Mflnetoaphere. 
areabsamd at lew si (0* Inyarlaat latitude at 
d£>m talk, taeoaelne the poaslblllty that 
the MMitlc field night be so highly Inflated 
that t? f(ald lines estand to the outer nagnato- 

M |iJ r, tha aodal , distortion of tho Inner edge of 
the plana lhaet by the nagnetospheMe coepres- 
ilon a hoc fa tad with the sudden comncamtnt tem- 
porarily disturbs the normal B I rk#l and -current 
pattern. The normal tendency far the plasma 
sheet's Inner edge lo Shield low L-values from 
the convection electric field Is also temporarily 
disrupted. Nemtl Blrkaland currants <m shield- 
ing reassert theeialves after about an hour. 

flH-Inttgrated Joule heating In the model 
ionosphere over the first 5.5 hours of the storm 
main phase Is about half tha Increase In model 
ring-current energy, 

J. Oeophyl. Aaa, , Blua, Paper IA1677 
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EXPLANATIONS 

This Calendar continues Ihn sense begun lor the 1QY years 1897-5B, and Is 
issued annually lo roeommond dates for solar and geophysical observations 
which cannot be carried out continuously Thus, the amount or obM/vailonal 
data In adiiance lends to bo targes an Calendar days The recommendations on 
data reduction and especially I ho How of data la World Data Canion (WDCs) In 
many in nances empnasi/o Calendar days The Calendar Is pieparod by the inter- 
national UieVgrsm pnd World Days Banrtca (IUWD&) with tho advice ol 
spokesmen for the various acleniiiic dlseipllnoa For greater detail concerning 
aapidnaiions or recommendations your atlonllon it called to Information 
published periodically In 1A0 A Haws. 1UQQ Chronlote, URSt Infonnatlon Bulletin 
or alher scientific loumats. 

The definitions of the designated days lamaln as described on previous Calen- 
dars Universal Tima (UTl la the standard time lot all world days. Regular 
Qaophyaleal Oaya (ROD) are each Wednosday. fligulir World Day* |RWO) are 
tnrea consacutivo days each month, always Tuesday. Wednesday and Thursday 
neat lha middle of If. a month. Priority Rsgulu World Days tPRWDi ate the RWD 
which lair on Wodnosdays Ouarlaily World Day a (QWDjare one day each qirariai 
and pro the PHWO which fall in the World Qaophyaleal Intervals (WQI). The WOl 
ate touKoon consaculiva days in each season, beginning on Monday o( the 
selected month, and normally ahjli from year lo year. In 1902 the WQI will be 
February. May. August and Move me or. 

The Sold Eollpaaa are January 25 (partial) boginning in South Allantic Ocean 
skirting the Antarctic conllnenl. crossing the Antarctic peninsula and ending In 
South Pacific Ocean south of New Zealand, June 21 (partial! beginning In South 
Ailenhc Ocean, passing south of Attica and ending in Indian Ocean, July 20 (par- 
tial) beginning over Kamchatka peninsula, crossing Siberia, soul horn Finland. 
Donmaik and ending In Portugal; and Oecembor 15 (parllal) beginning wasl of 
Portugal In Atlantic Ocean, cioastng England. Noway, Sweden. Finland. USSR, 
and ending in China north of Pakistan. 

Maiaor Showers (selected by P. M MUIman. Olrawtj Include Important visual 
showers and also unusual shawaia ob»nabl« mainly by radio and iad« tech- 
niques. The data a oio codod to Indicate wliather the ahowar it observable In the 
northern or aoutharn hemisphere. 

Tha occurranca of unusual solar or geophysical conditions la announced or 
forecasi by the IUWD9 through various types of goophyslcal “Alatla" which are 
widely dm rlbuted by telegram and radio broadcast on a currant schedule. 
Stratospheric warmlrgi (BTRATWARMl era also dastgnaled. Tha matearologlaal 
felacammunlcallona network coordinated by WMD carries these worldwide 
Alerts coca dally soon altar 0400 ITT. For definitions of Alans see IUWDS "Synop- 
tic Codas for Solar and Geophyalcal Data, Third Revised Edition t«TT' and Its 
amendments Retrospective Wostd In larval* are salaoled and announced by 
MONSEE and elsewhere to provide additional analyzed dale for particular evenia 
studied in the CCSUSonmiMc Committee on Solar-Terrestrial Physics (BCQ8TEP1 
programs 


RECOMMENDED SCIENTIFIC PROORAMB 
OPERATIONAL EOITION 

(The following malarial was review ad in 1981 by apokaaman ol lAQA.WMO and 
URSl as suitable for coordinated geophyalcal programs In 1982.) 

Alrglow and Aurora Phenomena. AIrglow and auroral observatoilea operate 
with |fs 0 >r lull capacity around Ihe New Moon periods. However, lor progress in 
understanding the mechanism of. Inter alia, low latitude aurora. Ihe cooidinated 
use of all available techniques, optical end radio, from the ground and In space la 
required Thus, for ihe alrglow and aurora 7-day periods on tha Calendar, 
lonosonde. Incoherent scalier, special satellite or balloon observations, etc., are 
especially encouraged. Periods of approximately two weeks' duration centered 
on M e New Moon are proposed for high resolution studies of ionospharfo, auroral 
and magratospherlc observe lions at high latitudes during northern winter. 

Atmosphirle Electricity. Not-conlifiuous measurements and data reduction tor 
continuous measurements ol atmospheric electric current density, field, conduc- 
tivities. space charges. Ion number densities. Ionosphere potentials, condensa- 
tion nuclei, etc.; both el ground as well as with radiosondes, aliciali. rockets; 
should be dons with lirii priori hr on the ROD each Wednesday, beginning on 6 
January 1982 at 1800 UT, n January ai 0000 l)T, 20 January at 0600 UT, 27 
January at 1200 l>T, etc (beginning hour Hi III six hours aach week, bul le always 
on Wednesday). Minimum program is si the same lime on PRVVD baginning wilh 
20 January ai 0600 UT. Data reduction for continuous measurements should be 
extended. II possible, to cover at lean the lull RQD including, in addition, at I east 
6 hours prior to Indlcatsd beginning lime. Measurements prohibited by bad 
weal her mould be dona 24 hours fait'. Results on afeilcs and ELF era wanted 
Wllh first priority for ihe same hours, short period measurements centered 
•round the minutes 38-50 ol ihe hours indtcalftd Priority Weeks are tha weeks 
which contain a PRWO: minimum priority weeks aie |hs ones with a OWO. Tha 
world Oita Centre for Atmospheric Electricity. 7 Karbysheva, Leningrad I940IB, 
USSR, n the collection point Tor data and information on measurements. 

G soma gnat tc Phenomena, li hai always been a leading principle for 
geomagnetic observatories that operations should be ss continuous as possible 
and the great majority ol stations undertake tha same program without regard to 
ihe Caiandar. 

Stations equipped for making magnetic observations, but which cannot aarry 
out Such obi enrs Hons end reductions on ■ continuous schedule ere encouraged 
to carry oul such work el least on RWO (and during times of MAQ8TORM Alert). 

Ionospheric Phenomena. Special elteflllon la conilnulng on particular events 
which ctnnot be forecast m advance wilh reasonable certainty. These will be 


identified by Retrospective World Intervale. The importance of obtaining tun 
observational coverage Is therefore air eased even It It la possible to analyze the 
do lal fad data only lor Ihe chosen events. In Ihe case of verllcel Incidence Bound- 
ing, Ihe naod lo obtain quarter-hourly lonograma al aa many stations aa possible 
le pantaulaily stressed and takas priority over reoomnwnstallon (a) below when 
boih aro not practical. 

For ihe verllcel Incidence (VI) sounding program, (he summary recommenda- 
tions ere; (a) all stations should make soundings at least every quartet hour. Sta- 
tions which normally record at every quarter should. If possible, record more fre- 
quently on HWDi; (b) all stations aro encouraged lo make f-plots on RWDe; 
1-ptols should be made tor high latitude atattone. and for the ao-oalled "represen- 
tative" a lal Iona el tower lalliudaa tar all days (l.e., Including RWDa and WQIs), 
(Gonlinuoua records of Ionospheric parameters are acceptable in piece of f-plots 
at tamper eto end low latitude stations); |c) copies ol hourly lonograma with ap- 
propriate scales for QWDa are lo be eeni lo WDCs; (d) stations In Ihe scllpie zona 
and lie conjugate area ahuuld lake continuous observations on aoler eclipse 
days end special obaenetiona on adjacent daye. See also recommendations 
under Alrglow and Aurora Phenomena. 

For Incoherent seal tar observation program, every efforl should be made lo ob- 
tain measurements at least on the Incoherent 8oettar Coordinated Observation 
Oaya. and Intensive series should be atiemptad whanavar possible In WQIs or lha 
Alrglow and Aurora Periods The need lor collateral VI observations wllh not 
mare than quarter-hourly spacing at least during all observation periods le 
stressed. Or. M.J. Baron |U.$ A ), URSl Working Group Q.5, Is coordinating special 
programs. 

For the ionospheric drill or wind measurement by the vsrloue radio techniquee. 
observations aro recommended lo be concentrated on ihe weeks Including 
RWDe. 

For traveling ionosphere disturbances propose apeclei periods lor coordinated 
measuramenis of gravity waves Induced by magneiospharlc activity, probably on 
selected PRWO and RWO. 

Far the Ionospheric absorption program helf-houriy observations ire made St 
least on ell RWD* and hall hourly tabulations sent lo WDCs. Observations 
should bo continuous on eolir eclipse days for stations In eclipse zone and in lie 
conjugate ar«e. Special eltoita should bs made to obtain dally absorption 
measurements at temperate latitude stations during tha period of Absorption 
Wlnler Anomaly, particularly on days of abnormally high or abnormally low ab- 
sorptlon (approximately Qctcbar-Merch. Northern Hemtaphere; Aprit-September, 
Boulhem Hemisphere), 

For back-ioalterand forward-scatter programs, observations should be made 
and analyzed on all RWDe at least. 

For synoptic observations of mesospheric (D region) electron densities, 
several groups have agreed on using Ihe RQD for the hours around noon. 

For ELF nolae measuremenia Involving the earth- ionosphere cavity 
resonances any epaclel el tori should be concentrated during the WQIa. 

It la recommended that more Intensive observations In ell programs be con- 
sidered on days ol unusual mslear aotlvtty. 

Meteorology. Particular efforts should be made to carry oul an Intensified pro- 
gram on the RQD - each Wednesday, UT. A desirable goal would bo Ihe schedul- 
ing of meteorological rockalsondes. ozone sondea end radiometer sondee on 
these days, together wllh maxlmum-altliude rawlnaonda ascents at bolh 0000 
end 1200 UT. 

During WQI end 8TRATWARM Alert Intervals. Intensified programs era also 
desirable, preferably by lha implementailofiol RQD- type programs (see above) on 
Mondays and Fridays, aa well ea on Wednesdays. 

Middle Atmoaphsre Program (MAP). MAP runs (torn 1 January T9B2 through 
1985. Techniques for observing ihe middle atmosphere should concentrate or 
canter I heir observations on the RGDa. PRWDa, end QWDa. II Is recommended 
that observing runs lor studies of planetary waves and Udaa be at least TO days 
centered on the PRWDa and QWDs. Non-conllnuoua studies of stratospheric 
warmings and the aflecla of geomagnetic activity on the middle atmosphere 
musl be Initiated by STRATWARM and MAQSTORM atarta. respectively. For 
more details ua lha "Recommended Sclenllflo Programs" on the reverse of the 
Middle Almoiphers Dynamics Oslendar for 1982, which vrill oe published as a 
special edlllon of the lac for 1982. 

8olar pfwnomsna. Observatories making specialized studies of solar 
phenomena, per licularly using naw or oomplax techniques, such Ihet coniinuous 
observe i Ion i or reporting la Impractical, ere requested to make apeclei allot la lo 
P . r “ V L d T B J°^ 0C ’ d *'“ ,w ,oI,r da * 9 ' RWD * ■"«! during PROTONfFLARE 
ALERTS The eilentfon of those recording solar nolae apeclra, solar magnello 
fields and doing specialized optical studies la particularly drawn lo this racorrv 
mandalton 

Space Reitareh, Interplanetary Phanomtita, Coamfo Rays, Aeronomy Ex- 
t»rlmeriteia should take Inlo account Dial observational effort In olher 
dlsclpltnas lends lo be Intensified on ihe days marked on the Calendar, and 
schedule balloon and rookai experiments accordingly If there are no other 
geophysical reasons for choice. In particular if is dsalrabta to make rocket 
measurements of ionospheric cheractertailcs on the same day al aa ™ny foca- 
Itona aa possible; where faa.ibta, experimenter, ehould 
rockets to monitor al lean normal conditions on Ihe Ouartady Wortd QeyetQWDl 

mMndxfhMrvad° ,rel " W dB £ " hen ,h>re wl " ■» maximum aupJortE 
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The Internal tonal Urtlgram and World Day* Banka (IUWDS) Is a permanent Mfenllllo unfoaol ihe International Union of Radio sm-™. , 

liOpiHon of lh* intor national Aelronomfea) Union and lha Inlernalional Union Qeqdaiy and OeophyaiCB ll)WD9 adheres la ih# ' W ,h ,he P* 1 "' 
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mlerclunga , "'" l " luq "rs program end rapid data 

Hite Calendar for 1962 haa been drawn up by J. V. Lincoln, ol ihe IUWOS Steering Committee. Ih clow association with A. H Slum™ rK.r : . 

SCOSTEP. and spokesman tar Ihe vHlous adtentlflc dlsclpflnea In SCOSTeP. IAOA and URSl. Similar Calendsis have bean c ^f™riofMON8E E of 

IOT, 1937-86. and have been pubUahedTn various wUsfy aval table scientific puMigaiioni. ■ ’.i. beginning with tha j; 


i/55 Pteana Lnaribllt tie. 

(HFOUL FLUCTUATluHS AMI THE P Iff USE ELETTHO- 
-iTATii. nnscmiK 

1).V. SpnlnanllnBiUata of '.wi r hy»ir* an j PUnn- 
#rv PiivaU#, UnlvariHy of Cal Korol#, Lo# *n*#lu 
VdOZ<il ' 

lucsl# tine, weak bi.iidnJ ulocr -gnlisleas 
wllh liVte #BpHtuiu» h»vv 1-oto obturvcJ In th# 
ruMnuiusDlure ac fruquonc lo« huiwaan chu t-lic- 
Iron *vrofroqu#ncv u nn .1 upppr hybrid frs- 
quuney w wh#n w S - .. The iu«goutitm that 
ihcin lob lova) ATt»\on« are thentil Muctua> 
Mon* 1 # quantitatively aplorad using * slapl# 
hot-<.Dld nod#) I or diva Ida aiotcron diatribu- 
I Inna with denaitv and mparalura ratio# n /n 
»• 1 and T./T »l ■ Ua conclud# that ror t^plCa] 
ddvalde condition# the obnarved waves are u*ak- 
1< JaapuU Bernat o In-Harr ia soda# whose #poctra| 
‘Junilty 'E2 jd» v I0* 1s V 2 /h2-Hi aihl polar {ration 
perpendicular to lha anblant magnetic I lold can 
he Dccciinied (or by tho theory. Tha el ec tru- 
ant Ir power apectrioi of elm waves aealee aa 
w Cl , 2T|,/T e ^^ far a maauolllan hot canponont, but 
mov be enhanood cnnakdornbly for the caao al 
marMlnallv atabla or noncunvectiva medea. Uava- 
lL-n*tlia seal a aa thn cold electron *vrorad(m o c 
hu Ihji alxnlf leant at tenia lion af the- meaaured 
Bpi-ccrux n.iy occur when noaaumenta a re made with 
antennae of character lal ic langchs I ■> o e . 
Ropruknrativa fluctuation npaciruai era ceapaied 
(or diva i do aychronuua orbit us in* typical Iroi- 
eold plana parnaolora and hypothetical dipole 
antoona lonathe of SO a and 100 a. It I* aug|tn- 
od ihet tha forvallaa davolopad hare Duly ba ap- 
plicable to weak electron cyclotron ateaiooi at 
Jupiter and Saturn, and may be attended to lower 
frequency ion cyclotron fluctuations by modi- 
fying tho theory to Include Ion contribution!, 

I Thorns! f lut luu t lent , magnaloaphera} ■ 

1. taophya. Rea., Blue, Paper U1702 


51 51 Plum# ImtabUltlaa 
KFCrDEUCB OP EL ECHOS BBAM TNSTAIILin OtORS 
RATES <W THZ ISAK-FLASMA SYSTEM FAIAMIRU 
I. J. ltrao|away (Cooparativa laatituta far 
Saatarch In Envkroraantak Stlaneaa, Unlvatilty 
of Colorado/HOAA, louldar, CO B0309) 

Elactroo baaa Initahllltlaa ara atudiad uala| 
a alapla modal for an electron beam atraaaini 
through a cold plains, tha baaa batni of flnlta 
width perpendicular to lha aableat ai|nattc 
Mild. Through can# idarat Iona •> flnlta 
gaaaerry and tha eoldnaaa of tha baaa aod 
background ptiama, an Lnatab(Ut) ilmLVar u lha 
two itraaa Inacabllitp ia aaiumad to fee tha 
aaana for wave growth ia tha ayatam. Having 
found tha aaalmiA growth rata for one aat of 
baaa- pi > ana ayata# para# atari , ihla imilum 
growth rata la traced aa thasa paraaalara ara 
varied. The paraaatari which daicriba tha 
■ yam ara tha bairn velocity (v^l, aloetroa 
gyrn-lraqnancy to mblint aiacttne pi aims 
fraquancy ratio (fl /u ), (ho Warn to background 
nuabar denalty ratio rn. /n ) and tha baaa half 
width (a), when 0 /- / I, a mod# with 8, < ■> 

< la found to ha p S»atabla, vharm la 
the upper hybrid reaonaoca friqueaep. ror lav 
valuea of n./n and D < a thla modi ia stilt 


nr, arm mre um»> piwimnwu in raiwum muny myaiiawm ptwniirii; puuiiowiDue. ' _ , — • -^Trr--»-w mui mm f 

Pu Wished foi I lie internal tone! Council ol 8cle«i|ilia Urifoo* wllh fire flRanotal aseiafafice of (JNERCb, . . '^ { .L ‘ ■;'•"* 

AddHional ooptae in avail able upon requeal lo IUWDS Cfielnnin, Of. P. Simon, Uietgrafpnw.titMwvatpire, 92f«6 Meurion. Fian^ae idurne a j. i' 1 ' ■ 

« Worid Days, W|s< H. E- Colfoy. WM-A tor War-T«rteirial Phyyte*. NOAA. Ofs, 0ola<a(<8<i SOToi U ; 
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valuea of iV/n and 8 < w thla mods la still 
preaaac wltn w" < w * wv..|T If tha boam 
danaUy la lar|a, n./n * ”, lha lnitahtllty 
occurs for f roquancfaa'juat abort tha alactraa 
gyTo-fraquency. Thla mod* may wall ba that 
abaarred lo iaboratary plaamaa before the ayataa 
todargoea tha Roam-Plasma Oiaeharga. Than it 
anothar Instability praaant which occur# for ■ • 
w . Tho grovth ratoa for thla soda, which ara 
gKarally largar than thoaa found (or tha w • 
v.-. and#, or# only waakly dapandant on 
TBlfr thla mods Is net always abaarvad in tha 
laboratory lapllaa that soma faetorl not 
conaldatad In tho praaeat (haoty auppraa# thla 
mode, apaciltoUy HnUe baam Imgth. 
Cenaaquvnt ly thla mada should ba unatabla (a 
■pace plana# . and it la poaalhla that tha a ■ 
w Instability U ol aoma atgnlflcanea for 
auroral ion# alec iron beam Instability. A nora 
realistic elactron dlacrlbuiloo (unction ihouli 
ba eaployad to datarmlna If a two at ream 
Instability exist! lor the 'auroral plasma, bul 
since tho boom width la found to bo tapoTtant 
only (or a > c/w , flnlta gaomatry can ba 
neglected. (EluFCron beams. Instabilities) 

J. Ceophya. Haa., Slua, Papar 1A1I69 


5/55 Plasma Inatabllltlaa 

COUPLING INSTABILITY OP THE IHSA1 ALFVRN HA« U 
THE KAONETOSPHERX VIT* THE ION05FIIKIC W Win 
UAVl i NUKE HI CAL ANALYSIS 
A. Klure (Caophyaloa Raaoarch Laboratory! Uol- 
voraliy of Tokyo, Tokyo 113), S. Ohtauk* and 
T. Taaao 

Raaulta of docallad nworlcal analyalP on tha 
■haar Alfvdn wava Instability in tha magnaloa- 
phara, couplad with tha ionoapharlc Ion drift 
warn m tho praaaoca or a steady convection 
alactrlc riold, ara preaoncad. Tor a realistic 
oodol of tha magnatoapharo-ioMiphara coupled 
ayataa, wa have solved numorlually a tvo-polnt 
boundary value problem on tho add harmonic amdai 
of lha localliad tor# local oactllatlona of (laid 
lines in tha magnatoaphara with an appropriate 
lonoapherlo condltloa through which their coupl- 
ing with tha Ionoapharlc loo drift wav* la t»ln| 
Into aeeeuat. Bavoral oharacteriatlca of oaell- 
latlona, l.a., aigon-parlod*, growth (damplni) 
rata, amplituda and phaaa distributions of P« _ 
tut bad EH-flaldo aloog a (laid llaa, ara abtaloa* 
and ducrlbad in turn for tbraa eaaaa, W ttrij* 
lotions without tha ionoapharlc dlaalpattao, (»j 
damped oaclllatiana due to Ohmic dissipation, 

(c) growlog oscillations coupled with the ton 
drift wove. For waakly daaped oaolllatlooa w«F 

tha height- integrated Fadorsan tooduotivlty lur 
ar than 1 mho, both tha perturbed alactrle “ ,la 
and tha aaaoclatsd downward Foyotlag flux •» » 
lev*l Just above tha lonoapbara ara Invarialy 
portlooal to tho conductivity, vhlla tba magnatis 
field perturbation and tha field-aligned 
intensity ara kapt naarly constant. From thla 
tendency lha daoplng rata ia also Inversely pro- 
portional to tba conductivity. For tha growing 
oacUlatlooa la the peasants of th# steady 
trio field, tha growth rata la itroogly dapaadao 
on tha oJactric field Intensity, it# minlmt* 
threshold for tho Instability la about 10 to JU 
mV/m (or tha first two odd harmonica at oll“*- 
Dapandence of tho growth rota oo tha conductivity 
haa baan also exioXnad, and It la ahown that tba 
growth rata Incraaaaa aa tha conductivity do- 
creaaat. Thla taodsocy la cjonalatent with tna 
anargatlc conaldaratlao davelapvd in a 
papar by Taaao and Hlura. (Alfvdn wav# 
ty, Inoaphare-aagnar ciphers coupling, fiald- 
ailvnad curronta). , 

J. K aophy ». Has., Blue, Paper LU682 


5750 Flaama motion, coavactloa, nr elteulatlon 
eneiAu awnenw nr eora four daf» 

F. 8. telff (Dope, of Bpaeo Fhyalca wi J* [nr 
ooay, Rica Oolvaralty, Houston, T“ao . 

Tho goooagnatlo atoro of July M i 
tho object of coneaatrotod study- The 
Fin of tM day UMO-2300 UT> “ 
lata taat lag boeouas it la a period of 
atroag, almost dlraotly northward lot aryl* . ' 
magoatlo ftalda (IKP). Such northward W * nav; _ 
btaa ralatad to parloda of nveraad (Lt*- 
ward) convection in tM polar «**• 
la oo oscoptlon. Zanactl at oj - 
Triad aagnatomater data, *hqv L,th- 

tlooa Implying ravened eomvaotion In "f- - a ■.--- 
arm polar oap, wharaaa tha Blrkdlaad curro .j 
tha loathe rd polar cap qra vary Mak. Th#T « ^ - 
poaalhla lmtarpratatlonar (1> ■•'•■J? L« , #nd '' 
praf meant lal Ly m tha noetliarn euap rM'“i ... 

. Lharafqna rave read eonvaotlon la rM “Av. rlA* 
tha , northern polar up. ot U) tka ., 

. predominant IV in -tha italic norths m po t 
bue#aa«; lt») conductivity la . hlghar - ^ m 1 ” 

•bwti copWctlod;' -l«ta from bflth th “ 

polar cap ($3-5) »nd tha I aowthotm. p*l« * ,< 

(AE-c),i Jlo',botH-iii<eai rag i Aoi of rnyarf .. 

• voctien.atn rnaaC' Thhroforf , .tha aaymAatrf^ ■, 

Blrkalaiir^i^ffF'Ta *ora llMfo ' 

■ wM.uctteltJ Vayjfee&y than -a 'ccnvaotlon * 

1 try. ’ iMtaiUkffly that tte ,)airai)«f| 0 r 
. Jaap la'Ah^jhPQf/' MD may- 5* trapped 0" . 

• mu M . ? dtWt -^»rging M hocA *•». \£. 

, | bounds V# re* merging, . Mrlhwhrd , 

' pofant 
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j. Cauphya . las.. Slue, Papor IA165/ 


1)70 {tort parted (lass than 1 day) variations 

t! aanitlc (laid 

n ifKfn r ARTICLE BEHAVIOR IN LOU FREQUENCY CEO- 
MXCTIC Pin. SAT I ON 5 1 2, GRAPHICAL APPROACH 
B. J. Southwood and H. C. Rtvalsoo (laatlrute ol 
cigehyilca and Flanatary Fhyalca, Unlvaralty of 
California, Loa Angelas , Calfforola, 9002*) 

Oil behavior of ehargod part idea lo an ultra- 
lew fraqaancf MRBatoipharlc pules lion with 
iKtdlni wave atructura along the emgaotlc field 
li lataipratad uatng a graphical approach. At- 
tiatla la directed principally to tha way in 
«*Uh pittlclea ata accalaratad aa they bounce 
lid drill through a wava with which thsy ar* (n 
itDDunca, but OM-rtaoamnt particles ara alio 
Ujcusaad. Under appropriate conditions, pas- 
ufl through tha wave laada to modulation of 
ptftlcla ioargy. Appltcatlona enplioatie the 
■icuilty of eonaldarlng tho large-scale sttue- 
tvri of a wava In Intarpradng the particle 
Ignlu seen ac a particular point in apace. 
OUn-ptrilels Interactions , renonnnt partfclra, 
Of vans) . 

I. Ctopbya. Fas., Rlua, Papar IA17L7 


’.Ilw Hurt -pur lod (luae tluc 1 duvi vrlat lunx "( 
ujKtlt Mold 

IS mu AH 1NCREASJ OF LEutlAtlNLTIC ACTIVITY 
itf'ItWG TOTAL LUNAP tCUPSkS? 

I. C. Frasar-Smlih (Rad lose lone a Laboratory, 
ilanlord Electronic# U boro tor loa, Stunlurd 
lbl«#rtlty, Stanford, QKlfurnla «)0»* 

Th* puaalbliity that thi-ro ia a lunar Wula- 
llwo of |aonSgnat ic activity around tho thru v( 
i: «*1 lunar acllpai# la invvat IgntoJ. Tim awdu- 
1*1 IvJ of activity, as sean In tho Ap Induaa for 
Ha jura I9J2-19BO, conaiata of a *-iay In- 
rtrata atari ing 3 day* before the acllpau day. 

Tilt characteristic of thu nodjlat Lon auggo*ti 
tut It aay ba cauasd by entry uf thu moon Into 
tie cataatoaphar Ic tall and by tha lubeuquanL 
e.'itoi of tha moan within tho tails » la nut ob- 
uival In conjunction with partial lunar acMpsuu. 
I. tilrg tbu aa lad Ic aa , which ara available hack 
l> 1*48 , H fa poaalhla CO study the long-tar* 
icporal character let U a of the aodulatloo. It 
It laved that cha frctaaau in activity aftej l»): 
liMI raplLcatad in the data prior to 1932 
If'ltol tha yaaca 1870-19)1) and U la cancludad 
Hut tba lacraaaa la noat probably a statistical 
W5*l> and that It would be inappropriate lo 
csclida frow U that tha moon’s ontrjr Inc* the 
f-^jput k tall enhances gaomagnetic activity. 
|5ma*|neilr activity, lunar ecltpaa affocta). 
».t«Fby., Raa,, Blua, Papar UL726 


JTK> bare srofogauon 

Ta«j uueaios coat at low Fhttiuucire 
b. Cainrt (DapartMnt or Rliyalca and Aalrcinor.y, 
■“ tbUeralty or lova, lova City, low 53£hw> 
Ctrttu or lha IbUrl obaarvstlona between the 
llaicuytiare and the auroral tona hevo revealed 
J'e ealaaloo coca of auroml ktlomolric radiation 
_ ^ veaff acted by plaaiuet(liertc rufractlon. Al 
tv» distance froo lha source, this cono produced 
* »t»r| Lov-frequency boundary In the AAh al K - 
j** 1 ! *7.1 ch was U lap laced stove tho cycloiron 
"•'-*«7. V* variation of U.ls boundary, |l<# 

‘ ,r u i*cts or the AAJi olpnnta, inulculod that 
t’l AIM tui ae > un cono cluuod tuvar) u t.ollov, 
'*Vai rcrty-i iv# dt'sruo limit conn vtlh de- 
• r *'*’r't rr*-iuan«t, duvllcmtinn. U.u bc»v.vl"r if- 
• ujM » fc-viid v 1 th lLlI-1. .it th* njionlLu «4H o| 

‘ v atoctria,. (Aur-.rui hli-u-'rl' rwdl-it !■•# 
KS" r . tMBOiona), 

■"■rsya. Res, Lair,, Paper ILI660 


ISfa ADRDRAL KIUMHmc RAD1AT10I 
^,T*y ,rt Iteimrlment of Fhyalca and Aatrooomy, 
c« . ltf of low » low City, lava JtSkB) 
l.a.#V B u,w,l, 1 Vtitanaa wmva algumLa mttil* 
..,11? •Morel kiloaelrlc redUtlom (akh) vara 
i,T* d J' lu > ‘Mt-l while it vma within tba 
lira . ,e • hMov for direst propa«a- 
l#rl#M. l * #,ll * ,, a4 that wmva dusting by this 
S‘^, of th# dansity aligned with 

•U waT., atoousta Tor auoh itanmla, 
iiuin, *. lr *i*«reta nature la caused by the 
• 1 '*. l «tew*>tt , g individual toots. These 

w,r * •'■ l0 obaarvad aa eoiooldant 
t| aiu# ° f th * u Pter-hybrl4 rssDoancs rrequan- 
* # b “ tvanty-pareant daplatlona 
' : Ub|.^!, to * 4r * 4 kl^aoLon aeroia. Thw US, 
u.i i#.Jr 1 !!® WUlHUlr perpendicular to 
tactrSSIiJ* r,#14 ‘ »W*rently actared tbeaa 
t« i’^ rvlp<l of tta aouroa after the varea 
rilftM refraetad parallel to tha duct aaia. A 

I V .1 •around Wl also obaorrad whloh la 

11 iovcm lh * foBtow frtm almllar duet a 
m.i Th e, ■ obaorvatlona aatablleh 

it. ot toatad *hh, its al (nature on 

fe , ■ peel rog rams, and new avl- 

iikoro iJ? pi " llon *lthla tba ptaama- 

^V*foal Properties of 


Stawg. fracture and flow 
folCTHLi or 4HD “BULTIBC SLII 

®u!it ,UJll) f» tks arucnai 

ot riochaolnal 
Tk. 980. Japai 

dry fori the aatraecion 

f,i, lHrad !■■■ A toulx la vis 
•Malad b» P .“T ** ••rth’i cruet 

^ ll » wwaa which 

,,( rt #|I[“[ o*®h other, whar 

b *J® fo‘** , fo'=e aro taken 
'»«t, tM injaetad .bptwaap th 

ttoafSi! Irtil *>• span ad up p 

‘•to* iha P j!IS t ! ; et, "B 00 th ® fan 

witMM.- f>a ala 
"*) opt-Kj 5** tan U compared with 
Bw# “ pTakaur* 

r,|Uo SuV 9 ” fca Y ««**»• fte» 

Toaotvblr 
” * ,B lhanaal haa C , ...■ 


In lh. of , tn V , * nlM,: “ M «ftowseo 

filled r..«. , . h V W " 1 tnlw ' A “ H“te- 

ware.I r! ?, dlmioaloo, of praciirel 
. # f 1 ’ ** oth,r “ l t ** t - hoi dry rock | 

J. Ooopbya. Raa. , Rad, Paper 1B1693 


5120 Equation! of itato 

HKITE-STRAIH EQUR110H OF STATE FOR HIGH- PRESSURE 
rnftdV.b 

R. Joanloz (Oapartaient of Caaloqlcal Scfancn, 

SUE Ift®* ^‘vrslty. ram- 

,u 01 1 ftelta-dtreln 

5J!*! 1 " of *fofo fo preaiufa-dga* I ty oc*»urc- 
mentt ii PMilbls «vts when the initial denalty 
U unknown. Thh provide! an objective ■*trano- 
latlon of data on a hlgh-preiaura phase to zaro 
pretiure, and tha rero-prejsura dantlly and alat- 
tlc propart lax (aa wall at their uncartaintlti) 
can be directly eitlmatad. ror typical uncer- 
tslnt lot In ultraMoh praiture dlam D nd-ce)l ei- 
porlMnti, copprastlon data extending over 
strains of tha Mgh-pretfur* phase of at least 
0.4 and o.ll (l.e., compression ranges, ap/p, of 
*t loasl \2S and 355) are required in ordir to 
constrain, reipectlvoly, third- md fourth-ordor 
contributions to tha equation of state. 

Gu.ipLvn. Ru<>. Lull., Paper ILHSi 


(-IAII HuKnutli Hi* I vl.rirlr.il pr-trrlby 
IHUILKI'-FiilAAl AII"H RExmAva ni , rutin, 

HKKATF AMO (ARB-WaiKOlU 111 f'.liirif 
P.ll. HaNi-n (Uwivncv ht-rkelvv I >r nl.-r * , turn, 
Sciences OIvUI.hi, Bi-rtvlcv, i'A AA/jni U. II. 
lliiiiHcn and H. I, Fwi-un-x 

Ihri-v ■ ano atudli a Invvul leal Inn indu, rd-F"l-iT- 
I ml Ion iIP> inpw«M ••( a Id.litr-l-vlni rnn- 
(li'Mtillr HIkI u( IH* Cllpnnarooua -itltUl.iW* t|, 
preauntdil. Tha IP rOK|.ixn*r ni the'e nunu...>nnr i L 
Kvolnglr nntarlala can uitliei <M»k -'r nlol- thr ,c- 
apnnac from ivlilde minernl tall Ion which Is a#a,qhl 
l-V alocirical field nurvwe. l| u . nunn'lfld-' r-cv 
type* which produced unusual Iv high r'-np.-nam -4. 

IF MelJ aurvaya warv noplcJ hy torn >lr 1 1 1 in, f,., 
chnnlcal, nlnoraloglcal, and vluciruul inLotainr* 
study, lha vlo.-tricnl rnponu ri ruiu aaopliu u, 
neavuruJ in J fr.ur-a loci rod* sanplur h->ldur .war 
the ft.OHOilfl lit range. Geologic duarrlptlr-n "f 
ili* corn, patmgraphlL v<amination of thin «.c- 
tlons, mineral identification by y-rov dlffcacil.* 
(XRDI , and chealcol nnalyala rf samplva aupplr- 
tvntad tha a lac l rl cal nroaur«ncnta. 

A surface phaaa response of 20 ornd ua# okinlnvJ 
froo field surveys "m the Gila tonglonrr.ua nt 
nn Ar irons location. Core airplay «f tha Gila wore 
o>amlnad In thin secilvn, and claal surfaces woir 
found rn be coated with a thin la«ar of wlUnt. 
Tlioao tool 1 tea project into poro apocoa in lh* 
conglomerate, and thus ara in Ini (mate coni art 
with forest Inn waters. A aarlaa of laboratory II- 
parlrant# auggaetu that reolitoa cause coat of the 
■>by*rvod IF rusponaa. 

Phaaa ioapon#oa as high oa 100 ornd v rr r cwiviicd 
with Mold uuivoya uvot jlll(t»n* and llrrilono 
(oquonevn In western Nevada. Sanplas rvcovurrd 
froo tha Lunlng and Gabha-luni lao formnl U-n# In- 
clude a 1 1 tatonr containing era II amount a .if amor- 
phous carbon. The** nlltstona# ara vary conductive 
electrical ly. and th* htgh-|.ni*q loaponnc ly nltrl- 
butod lo polarlaal ion of th* carbon-pert viler 
Interfact. lowporo#ltv |n these- carboaacmui 
yi 1 talonuy enhances the phase response. 

CC'AFin'SICS. TM. 47. w. | 


b 149 uuKNl 

IFFFCTS OF blA'-EHSIb AM- <.b«‘ -*I- • ..-ll'H M 
TPLOtlTlbS IK *OOS 

Carol ToaJ/a Uicpnrimvnt of i-avpliva l> *. Cuniord 
Unlvaralty, Stanford, Califernl.i 9i«)5i and 
Adob Mur 

tip# riorum! ruaulls nt wlsiowrul* 'i*qu<i*.t'» 

in brtna- or walur-aaturaled yamploa cut p.tpcn- 
utcular to bedding damooairatr that lunprca- 
a tonal vclocltlos vary linearly with pomalty 
and vt> tuna- f xaett on clay Lndetiltal illltiw 
rocks charac tar laud by paras with low a»p<ci 
ratios. P-wava velocity la »r# a*naiilv* lo 
poroatty than clay concent, obeying th* empir- 
ically dattved upraaa ton Vp - -J .4C - S.bi t 
5. S at 800 bars confining pressure and 400 bats 
pora prsaiura, whara tha unit* of V P ata kllo- 
macara par attend, ♦ I* tha volant fraction 
porn, and C la the voluaa fraction clay. 
Deviactooa ftoo thla aquation ata lays th*o 
x 2Z with the aacaptlon of tha high pora aaycc 
ratio It. Fotar Bandacona, which haa a coopraa- 
a local vaVoctty that La 17* higher than tha 

predicted value. lha aquation la Inaenaltiv* 
to tha chemical composition ol tha dominant 
clay oloaral and apparently loaenslttva to the 
location of the elsy grate# vtth respect to tha 
mineral framework, s.g., In (raa pore apac« or 
to contact toots between aUnaral grains of 
lower compraaalblllt tea . Th* raogao of poroiliy 
and vnlupa-ftatttoo clay oust which tha equation 
la valid aro *-201 and 0-72*, respectively. 
Oaophya. Kes. Lett., Papar 1U722 
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D'MI'IluriH "l p|.M#lo 

(ipi-LR ATHUStlltHh I tifW-nsll lift MO 

TURK Fw'H ll'I. KUV ‘.'IL.IR IR.l7JI.fdf I'M 

mill, itlirth ind xp.ui hlr»»» Imitltut*-. 

I lv of Southvrii taUlwrela. lureun 
or Id., 1625 F-iut *)»' *•/. T**" 0 "- 
D. K. Stfobvl 

nrrataturo and ewopoalil--" i 'f U* "PP*r 
era of Tuan have bean lufarrwd br nhvotvl.ip 
lintlon of th* aun by Tll.in. ualng Ite 
1 uJtravlnlat apacttooulvt- ri«a ta«p- 
la 176- W k near th* o van mu larmlfaltir 
,•20 F. floor the ikirnlng iai*hul«t. *"* 
uoacltuant ia H, wllh a doMlif <• >■» 

,» at JBW km. Tha mliteH ratio of 
g.jj al . radLil dlatanrv of )«» W""' 
in lod terefoaeor where l».l J-* * “ 
to the aornteR carolnaior lh* 1™#1 
q* rsr 1 level la about 70 k" lo«r te tho 
»ra. Th. aeitylaa* -Utegratteoboai 
i 1. measured o« th* 1 to S M. 

, Ii dacraaada to botwaen 0.1 ami O.Jl. * 

,r abaurblng iwletutea. po.albly 

It at both more la# awaalogtarafnatora. 

rUtnlnR taralnatdr tho l*r-r “)«»«* 
I* 3 J 5 (} and 34» km- Haar tha mornlngtorml- 
't i” ocaced about 100 km low to »■" 

. h > h k. plmiiicliualL^l mtdu\ lWM>o 

rhi4." I- £-«- »{» 

, dlf rualon ‘-aoff Iclont , n lh , 

i, uhlch -lacroow# “ • 

ur-toaphara I»il ' ■ 

phya, *■■<• ,LuB - ***** WUW - 


I'wirrwiiriiisi 
,1 Arliama .-•atlWi 

SSS&ffiS IfuTTci) 

■ I. Momiaimra Jot* * or 

g^-SfflrtSETS 

lmatg*. for IM 


8575 Burfaca of planet# 

ELDNPIK AMD DICTA SLIDING ACO'-HPAnYlHw -.ORE 
IQ-TGR CUTIRIKG EVENTS 
Edward fi. Caffnap, Loa Alanu# National 
Laboratory. Los Alamo#, HR Slits 

Abstract. Sorb found alumplng and culvae-l 
■]aet» aTTdlng ar# inferred to h*«* occurred In 
four 10 -ton explosive crelerlng n.om > in Cull 
coeetel pleln eedtaante. The## inforeners 
result froo * cmperlaan ol displace rants .di- 
late** by Integration of i**}-lima ualocty 
date from subiurfscs irugrr with dlaplecrrents 
haaed cm poet-shot lureayi. the limping J|.| 
sot occur iMudiltsly altar crater tseavaiton; 
It way da leys* by mar* Lhen 5 second* but leas 
lhaa «■ day. Thl | delay probably rtiijlteJ 
frre slow rscampactlon #nd reeaCuretfon ol the 
ejects and enter well* on a seal# of filnutei 
to hours after the tusviiion and ei ten Jam 
dll at lam ol the media. ZJtcta a tiding, prob- 
ably at a (aw materi par itcond, sppirvntlv 
moved coacme Mocha on cha ■errata up io : 
melUTi autvird relative to gsugs* burled at ihs 
saws tell ill tnge. the ajerta sliding was not 
inifore sad eay eccaiicoally have included p Jr - 
Ciona of tha undar lying ground. 

Oeophyi. Raa. Lott., Papar ILI 109 


65/5 Surf* ce 0 r ptentta 

W&MlC 0 WS 1 TS Of 1 H( HMITJAH bOLCWlO OLYMPUS 
HOBS 

E. C. Horrid (U. 5 . Giqloqlcil Surrey, 2255 N. 
Gtailni Drive, Flagstaff, RE MOOD 
fob turtate of grobtaS lamln lh»t turrounds 
Lha Inji thlald volcino Olyvgui Mom com 1 it t of 
lover* I Overleaping, roughly circular gheett, 

•ech 0.5 to 1.5 km thick. The turfaceg of theta 
naLtrltig bur abundant turvl) Inter rldgei and 
troughi 10 to 100 ka long end 1 to 5 in midi, 
which fern iniiloaoitag pit term (hit vary In 
length tad width over Lha euraold- Tha bureola 
It uymtlrlc to Olytgui Hom , gylandtrig 4 lw»L 
1000 w northwatl from lha canter or tha volcano 
but only 600 k« touthmt. 

The lebita form of tha depsilta, tha priuura 
rldgai bn their turf teat, tnd th* dtflcctfon of 
dvraoli nitirlil tround birrleri Indlcata that 
tha dipotiti war* erplici) it vIkoui flow*. 
Klgh-rdtolutfon Viking Orblttr picture* thow tha 
tureqte niter Ut to he uiUruifUd ml it It 
Inferred to contain rindoely dlttrlhuted lirge 
dirk block! whota wetlherlir) nroducti fon* dark 
tired i In the telut on the fltnkt of ridl*t. 

4 pyrOcUttlc origin It grogoted far the 
aureole. The following tequence M tug je it el. 

*t tent tlx great pyroclitHc erupt lam atcuireJ 
prior to the contt ruction Olytput Mom , tnpy 
formed very fluid tth flow! that beex-w the tut 
during lit* itigai of aepldcenent and praiture 
rldget formed on the turfecai of the depot Ut 
before they Mntl ty car* to rail. 

lha oldatt and most aitentlxa aureate depetU 
(finely grooved tarriln) wit contldirably 
modified by erotlon prior lo being partly corered 
by liter erupt 1 on t. R poilllye gravity dmiily 
over the Olyngut toni arte my define the tit* nf 
I neer-lurfeca rug.rj chjfer tbit wit th« tvgrd* 
of the pyroc (ditto erupt loni, (Olyrput Hint, 
pyroclditlc, vutoinite) 

I. HeaphY*. »«•.. Pel, Fu«*> inlets 


Seismology 


A HCT ntHATWE METHOD kOR fISDIMJ ri » V'H«t|. 
MODES OT A UraRALLY HBUBOCLMOl’b IR'I'Y 
H. Kawekalau end It J C*li«' (DepaiUnoiH or i.r, g-v,, 
■ice. 9t#nferd Uni* army. Sunford. CA 9* UH.I 

fa prsiai* # new Haiti"* mWlwl Iw #'*!■*< W* 
norma] mads# or a lateraUy htlerug-n'-'u' lf.lt I*-- 
number ■( opcratlsna uisd by our melh->] -i p'»p.r- 
tfonaj (n (he iqusrs uf Ih# numbrr ol t "i- fur-.llv. • 

wad. whUs lbs effort lei-urid by "> r ■ arm 

method Inertias* as the cut# *1 ihs runt- r -1 tju« 
function* A nienerlcal viawplc ahoti that al In#' l"f 
tower order madia, our Iteralivw mcir.id >.*hl» mui" 
wbiah ere ■■ accural# a# lha varlalic nal n.-U, jJ 
Csoghya. Isa. tilt.. Payee IL165B 


6940 Fh*afi3tn* rslslsl w uribgaite ;i« H AI:' 
RETROSPECTIVE STUPID Of IVISIAI AM 1*1 klHHIrf 
AS AN EAftTRQCAXX FRfDICIOR 

Dele r. lute (DM lien uf Wlldllf* Sr) FUTrri#* 
biology, tolmsltl d Leilfviota, Darla, 
California 95616). Banjul" L- Hurl ecJ N.r. w. 
HywsLL 

He eyeiaeitcelly applied a mmifmlvr 
Inltnln eyy reach Ic the aludy uf uruiutl jr,l-il 
bshsvlor prior to seven *jrtk;uak«s In Koilh. 
Central anj South America. Djis tekeit al 
dtetance froo two af the earlhgueVea rrtvldcJ a 
baielioa ret* uf unufuel saiiul bet j# lur. Ir. 
ceeparleun to this bsaeliaa cn» eerttqjik* vi» 
precuded by unusual anixel behavior ar] fem were 
not. (EarcMnake praJHilan. ulei! beluvlorr. 

C aophy#. Rea. Lett., Fayar 1L14B2 


6950 Seleolc aowreae 

FOCAL KECKANIM OF MAJOR UiniA’iti IS THL 
WESTERN RIFT V All IT Or AFRICA 
N. ZenalbfFartaoenl da Cfaphyalqul, IRS, tvlra, 
Bukevu, Zaire) end X. Tanaka 
Focal oachanieo* ui eleven Mr(hv*ek#e *o4 
carevatk* rethenlama of thr*a afterahcck ac- 
qaeocta ere studied ia dlacuta lo datall the 
earthquake giMretlng etnas livid ol the Wesnrn 
Rill Valley of Africa. Tba amthantam aolotlena 
oblaload ar* either tha normal fault leg ot the 
■ trike slip faulting type. Taking eccovni of our 
previous results, re ten towWi Chet the Pot el 
sxOianlas ol normal 1 lulling prevail* vitaty te 
tha Vaetarn lift Velloy end tht direct ten of the 
tana Ion a*ta are perpendicular to th* ecrlke ol 
the rift spates. These cMclualona ere copilit- 
snt with th* raaulta TOKitod by aavaral author* 
no the focal mecheolaao of mejer earthquskre 
occur r ing In tha rlfl Reaei of Africa. Observing 
th* dlrercioai el lh* tiadtea **l» lh datell# tl 
te found that they .latltil lb* \ot»t lectenlf 
features, as seen 1 b the Hi. PumkioM regten end 
In the rat the rn pert of Uk» Tengenytke vhatc the 
direction* of (h* tension enlp very vllhlu e 
■sail area. (»Ut vallvy, f«al wecMnUSt. 
gel. Bap. Idkahu llnlv, ittbwku Copphi-t. Joura.t, 
Vol. 28. Ho. 1, IW» . 


k/0 Structure of th* cru»l and upper oenjls 

a mum m beihhc btbwwpz or u«» i 

ua W UR PACIFIC RISE U 

.K. ftlWff ttepertwwt el C*»lt»y »o* 

Mde Hule Oceenographu Inatllwtioo. VOods Hole, 
■etecfauietti 025*1) 

hif.li ref not loo dpta, cellact*# walng ■ 
aiga alrgun source aod tc«*n boliu* hydiofhret , 
icolvate. shew l|at withto iwa aroea oo the 
tanks of lb* Fait Fwclflc Bla* tae ltauflwte of . . 
be uppetaost 2 km of th* (Ml 1* 
madNi, Th* two arte* «i 10 *m Md to 
a meat, cm 0.5 and to.y. old aruak teipwttlre- 
. end »ra eaperetsd laierelly hy U0 km- * 

L)1 but el rb If leant dlfferamce |m airwiure 
gists VeiweRo the two a«t«, tto 
xhlbltlng cha Mlher MlarltUijto 
br flush Itr. rally hater ugeeeres modal* or tte . 
hsUow crudt, t» cera/sl estoolsclgo of correc- 
tnu for osslteot. tepagisihY end Rba abject Ire 
■oner team of dstsaata telog the eleac etocklei 
ppremeh avuaac that tb* sstsbllaW apparent . 
■rlebllUr to phel low' cruet* L atfucture may te . 
in bo *» mtglfeet mf eapeflmentel sod teterpre- 
stive cedmlguee, lie 'prspoie e ceeiooihle model 
oR aha 1 tow era* Cal etnittuto lo which the Um- 
eloelty coxhouth pArallel i*m eoefltor Roy*- ' 
rephyi thte pereir* deteimtextleo af literal, 
omogunxlty of th* value ily grcdloot I* iha^ 
hell olr croat. ovar tN aqbdord topigrephy of lb* • 
Ml teokfto *ip«- « ta-kto tod* cruxt te 
isnarel, •*■«* varctenl velocity gredient* era 
lurrioltetlf null, that tapogiepby hie iragllUo 
ffeot on lha wlpolly .f laid- _ . 
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6*70 Ttruclvro nf lh* ,nnt jnl upper r rut In 
ZIlE 19*8 YE). I ''<WST"NE-FASFEP-I *WI RIVF.E WaIh 
SRI 6MIC VHCPII 11*. gXFFHlHI-Mi tfij'.tM. RIPLCKPk 
"k TIIF YII.U)dSIi'HF Hir.lD-4 A‘J) EaFERDllvr DE-TI'.-I 
H. 8* Smith (Drrlilaiut of i,c"l.*r jr.i i!,-qph#slev. 
University- >,f Utah, Silt Mho City. Ufsh d'.IDi 
H. H, Svhtllf. L. «. Biatlo, 1. AnKTR*. I. 1 
I sham, H. It. ftiker, C. l>r»laht. J. H. I'nil,. 

St. Hrsller, #n-l H. w. r)rcenafald,-r 

In IW8 a E-iJnr rtflxvl. prwfllir.A cipLil-ril 
was In (liu Y< l If.vvt-no-t AMerr. 

Hlvar Plain l"nl,.n of Mali.* on | h'l.ilng. FI flu. n 
shiilrn wore recorded (hit prnvlde] >-i/rr.i.-i. (■> dla- 
rso.-ea uf J00 kn. lo (hli taper, ir#.Dl-llflo 
mis] synlhstlc s*la»Ai aa n'-lsl Ing vi, Mil 
to sve lusts an averexa r-ujve vu|.,.lly cm 
spparvnt q structure of i ho cr'iii fro tv,. 
saUafc prof Ilea Ireasrer-i) acr.'S# thoYwilww- 
Slon* Xitlerxl Perk regten. This are# In*: lid a a 
th# vell-kr.-vn hyJrolhsrrjl ffaturea r-f Yt-ll.iw- 
aton* Njtlooal Fxrk fgaysvTl, fwrerolco, etc . i . 
a largo collapse cm More, #rj eitornteo slllri. 
vfllcanlaa rf G-uaccrniry age — feature# ditTtfctilel 
to ehallrw (Maul acurccs of rj^-# . Tbs aveiuyr.l 
crustal structure I-It this esgiun oe Iniiiiyrtir) 
Irm chv sslsali data endloxa rf: ell A high Ip 
vorlible, rmer-svrferu layer appr.Sl'Ml*] y J la 

Xf.Uk, 1.0 M/a xo 8.9 kn/h, wllh a I..- ,ippir*ni 
Q of J0,ihi( Is lrtrrprsr*) lu tr ru-p.,H .-.1 ,if 
vrathervl rhy-'litcn sM ooliriniery Infill; 

12) An uppur-uKuec! layer, 3 kh IA 4 kn mill- 4 
wltn u jrlnMo vrlr-.- f I le i .■! 4.9 lr>/« 4.4 

kfl/a an I apf-art-nc <|'a cf nij xo AC '.', rhxt lu 
thi udht Cu represent Ihu .u. ■L-.ilaii^n . t tn, 
Uol-it'-cone-rj-iiK-iritiv rl.y. llta fj w», nr, r|. . 
tuffe nn.l pmislhle P#In..z.->|.. on) Cru-vj-.iirl in 
rdiDtphlr cpii.'ilrcln; Ol Ik, cryir iMIni-. 
uppcc-.-ruar this l-i <-hrra -ctclrc.l h, i lac. 'ill, 
lnhi~.Arr.inuv liyur Cf.it vjcIi-h Ii , vain It.' 
f w i -.0 l.v/n lu r,,l k-i's tt-ti.ulsx 5 > r <> I i 
with a •! uf I'F). Il.la l-verr app. ir* #. i 
• u* *1 Ir,#, rut still h-'l body uf grunlrf. . - 1 - 

1 1 . 1,1 l.anv.itS lf.<- bmll'-vat.-iu- - llil-rr. te Is 
Cl- ..lit tv b- i r,-,.inr ,»r th,- niy.-i 1 >i-i.-is 
rl.ii |.r. ,1 r hi ■■■■iiurugrp o ■ 1 1 ■ 1 -' *• I #nl. 

-I Yu I E-Vil.Mli- Plic.-i, nl ri, nr Ml 

e -.ij- r v. itr to-il'-r !■ * 1-.- NIhI. I-. it M : 

». - H-... i^J. r, r .., 1 im ,|| 


lliulruF-i.n . ml'- 1 ,.7 1 I 

Alt • "*-■ }<: I II.. HI.' i: M V .t, « i ■ -Ml-.; I • ■ I- ■ 

K-kT M) 

' simp obl r>.'- 1 i*rvmtl-.n '*,.!•■ r..r Lsr'i.|#*#- 
IreAUlf.n , Vm.urky ,6f i 

ally, rrr.fel 'iP '#|# j 0 . II. Iiii-Xul, ■' ra-nin 
#M H. LMcSrwr# 

Y* have cnlutii a rnfrm- tl .i \ r„ri in..- *#. 

]*ili«a 1 wine an ilwc m> m c- ,,'.r 11-1 y »r ■ 
and an '''t'. l(o:#mn r.itt-ji islin r-trrl ar a ■ - - 
calver Ir irs rewtun >f r TaarLai cut if r. - 
arm Japan In May, H*i. The mmtn |ur|.,><> ,r . r 
eagerlaen! was 1 '. tnvtettcmt* th* Aypealrr'# nf 
wavafflime of alrgun alpitli r*:nr!*l >, -.. 

cm rmriqui ymreaetere eucr. u alrgur, amt I* ; rn . 
air pnaaure, ar.I air c'.ixtrr eta# tn -il#J , i->h 
an optima eatling of tr.tea iarie#(#ri fry 
clearer dell null on cf the #«l#al- etni't ir- 
Ragerlaanta verc mad* vlln ,'.4, k.-iarl J.' llt-r 
air chaj*-#r> el l.-Tm ikot dt(tn# ar] T.H-ln.H kh 
grexeiar*. It le four], as yr*dl:te.| fr-.a tw r, . 
that lha prtVmJaaxte freiuaecy and it- Inter Ml, 
of lha it gnat w# iioiltlia to alnrur, a!.,i 
which ami ba kept c'-Aitaat it an o|llwia -wi*. 
to produce th* au# vaitFcrw with eufflcten* 
amarcr to peostrala tba aea botlia * m!-l <r 
lha W eruata .1 itridura of th* rrelrn, ,' l -i 
has a ■•* learn tary l#j»r of 1.9km.'# vltr. Urea 
Ihlckeeii uedarlaln ty a 1.5km mice |.##m a lay- 
er nvrlylM k -T»m/# layer, le (reiental rmtr- 

!?!: »5J: ace 1 cSi#. (TBhubu Genphye. '. 
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» >t> - ■ r ■! 

4 wl wild ,-r f."'-- ,flci 
K . A 5 -T-rl-ll ' 4 J7 A F-rrel ).nl'». ».'.#< 

Muriitn F. r##i ei I Wiry,- t-rertr-ri !ni|.i, 

2-0 W. Pi-.-jb*. r 5fr."rr. Fi 'ullfnj, Cilxte!- 
• i -,-r ' 

if < J ll'll, ■ I". Jlvlill U'v I# Tlf 

jr •»» it* I# ri- at ' « r i- u-!4r»r#n! tb# 
a-' Ml. yrc: eri iri M #r - n rrUte tr.»h 
"Mcr -risrlel rr .'111*#. I« tMu erei ".he 
r.t|.-r J ! •. ir.c •• (,n br<n ih* r#'*"* vrJarerur llry 
tl, «r #r s*w fi si tr tr*ii«J ai 1 f Meat c«li»3 er.l 
■ her rk* p* Irj-.v.-rk, ih, ;.'r* sir eri their 
l#r*t#r i !■ n all plx. Ir/.niM rule* li e.--' #a« Ic 
rr. r'.iili-v lr a.';*iri tV.it \ =. r« 

T •!-! l-.» L# fnr*w:rk -rjit be v veO tDfrrw 

r h r lull r#nu* of -i w'e ecouaM. pr-ju-rrlr* :ai 
k# r.2rU.I ei«qjjr«l-. Th* #*c jr..l err# I# 
anteilcnu . HlgS ii«qv-r<u 
*-li rlrr.a mw eli!#d In the u!*v«l.---.ni ,.f it 
,« ilurr . rlrnted so.- trltut te# r*l*t |. r#l,lr . I. v 
fr.-l'.rny i nuellc unteul- r.i M.a teen ffccvn t- 
l.mvr thu ? .ler-r lot 1 «T ;fa)tctlr.a t.iliT.-v#. ac 
le.i.t u\r a- rn urr.lit Pin. Ilr#v, t'c-iirlia, 
rrr. j-i "edlrT. 

»*.. .ph/g. fbia., Fjjer is 1621 
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UN -LT7Q. TLf AM U 1ADIQ QflSSlDfB URTETtVCO 

at iAira dje juTirn 

D.D. Eatboea ( In# t . of Cmoph/aico an) Planetary 
te-, lice, UCLA, Ut Angelas , CA WQJA1 
Thia papar emmmlmem th* evttut arara of 
knowledge el VLT aod 17 radio wave Millions Im 
tha MgMtoophsxa. Speed ieally, lha prepare!*! 
of tht law-lrrml mala* commonly rtltrrad to aa 
coottemum radiation ar* revlmwed with eophmila 
on th* capabilities Ol the mala* lo dUgooea 
local oid remote pleime permmeiere. The relic Un- 
ship of tha fadldtlom to g 1 mV/m electrostatic 
upper hybrid releilone is ctltlcmlly aeaaaeed. 

There le ■ fair amowat of Lod Mac l oVrervmtlonJl 
evidence to eaggaal the! mpper hybrid oefaa I* 
eaaoetetod with the generation of tha TLF-IF 
(odist tom end propovad ibeorellcel XMbinlva 
lean tavarie this leterpratetien ilia, Howntc, 
net definitive a ■ toe MII on Ua hamn eguhllihed to 
date. The ihearatltel lueleoilllee of several 
npcheofame which Inc lade eycMbrotiem rslietlon. 
linear mod* c Downs las of ityp*c hybrid varw*, 
sod ore- 11 a am# imetcaflmg ef mppwi hybrid wevee 
«dl plaamm ddmalcy irteduUTftlam af* a* finned. 

TV# w*wr-w*v# ac# iter Ing hypo l hr* le ia edjwdgod 
H Hi wish la neclUDlea if th* yiKiaii mi 1«- 
f requemey <****# as a Maiming ejeot cut he *e- 
UbUeheJ (UN tbtefstlxdlly ex ofeenwdllMi- 
. ally- TM el tires to nachxmiami «n cemmldeemd 
to hi im weak U potaaUal kunm bill adll- 
ctenay-Mvian modified ilmno may Mid (he 1 tower 
mode *oo*eteJoB hyp# 1 6 idle mere xempdlltiwf - 
locnemcnrie t lome fm fwtara e India* « ihtd M- 
oca given, i Bed to moor roe. Earth, hylm) • 

. Coophym. ip»* fhyo-. F*F*f 1IIH5 

1185 FgctkU led Inline 

Mum fuu sons in ihtewraiietaht bfaue 
rod earn ruWE pahticli rtf tins 
Pawl himNi dhrleo-Verml tnvlltwlm. UHvcreln 
of Chicago, Chleago, (111 note DObilk, 

Peter Meyer nmi Bhohol TemegRte ' 

Ho uieliF deem on pert let# eyoofn resdltlng 
icon three holer tiers*# two nf teileH ghnerelod .. 
iMtiFlmian shocks, cm dateroln* the effect ; 
of |M ehmeha am Cha pepnlgelsa aT pxecane at 
vnafilloe { H HnV. Im both ciiil,. Ito aCcIyal . • 
of ihd ■ both 'mar hi the llarc of the decay phase ' 
of chd pacify Ir nvtnl end cheogno lit ynrticli 
idI aca* i op tea are ra land U (watgraia te th* sfoch 
•irurRiitf. 9m conclude that eath stack ke J 
ipaKI Of pFocama with cnscgtOO { M HeV. vUrh 
propagate ekpng the Intec pi BMC hry 'heiMLlc Ctnld , , 

limed Mi «*• oboerved « let|m dloiamyso fl A.tt.> • 
Mil drop tho (bock- A mhdrl (n whfcli Lhoae 
p ret one arc ‘me nl orated hy the shocks rmthor ' 

■ . tbgn being qcored la A route toed behind lh* I 

. diwihe im atuma in ho nmetecept w*vh tTW .\'|. 

'• Aoarwatimie.' , , 

j. Conphyg.^ite*-, Bluo, Paper U17I6 
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